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A Channel estimator for estimating a channel transfer function of a communication channel from a 
receive signal including a pilot sequence being transmittable from a transmitting point to a receiving 
point through the communication channel, wherein the pilot sequence is designed such that a spectral 
representation of the pilot sequence occupies a band-pass spectral region having a predetermined 
center frequency comprises a band-pass filter having the predetermined center frequency for filtering 
a spectral representation of the receive signal to obtain a filtered transformed signal, wherein the 
filtered transformed signal comprises an estimate of the channel transfer function. Therefore, an 



efficient channel estimation scheme for multiple input multiple output systems is provided. 
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ng factor) , f * t> ^3 , B S Jffl S K *J «t W ^ ft SO ^ S ffi Wt © « S£ Wi m (VSF-0 
F C DM) ^«ffltSMC-C DMAfXfiSlfiSSnT^S. 
[ 0 0 0 7 ] 

ll©Si7>ft *5<trfSi7>ft^«fflt§>'Xfi, (mi mo) a, , if§i 

!3J;ffflI8^XfA©15afe§fcfetOF DMtJttf itSC t^?tS„ ?I » 
©Si7>ff^fflPS0FDM>'XfA, MiiiA. Naguib, N. Seshad 
ri,A.Calderbank(Cc!;SrSpace Time Coding and 
Signal Processing for High Data Rate Wi 
reless CommunicationJ (IEEE Signal Proces 
s i ng Magaz i ne, 7 6 - 9 2 1, 2000^5^) \C fFJ « £ tl X ^ S «t o ft 
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n? s m ft , * fc f± s ^ a ft t *5 ^ t « , M*sfi^^s*s3M{i7yx^^sipiBft 

Il?tl§, A. Wi t tnebentiS TA New Bandwidth Eff 
icient Transmit Antenna Modulation Diver 
sity Scheme for Linear Digital Modulatio 
nj (IftifSI EEEIitI (I CC 9 3) ©II* V a * - 7\ X -f X , 
1 6 3 0 - 1 6 3 4 1, 1 9 9 3^5^) (C tt , ffiSHfiOeSSa®^^^ — ^"T-f^S 
(a low complexity transmit delay diversity scheme) ^ IB 8 5" ft T S 0 CI © if „ 

aas7yft^f-^xh'j-A©ig/^i?H>^gits„ c © c t « , a ^ « ft 
$ (i s i ) tffijnsctstftLT^s. t^u/Hf^xfAtfc 

^ T L tf L tf £ B 5 ft S n 5 -Y if # , ^ t§ ft © fc ft t § 18 ts £ fc ^ T € ffl £ ft 5 ±1 
£ fi , g * 5 }H 19 &\c «t o T « fig * ft T ^ S H * S ^ 18 7 y f ^ ft S © 18 ^ ft 5 ^ E M H 

"p <fe n fcf , ^ -Y ^ - is r f * 5PJ ffl f S C £ ft T* # S o 
[ 0 0 0 8 ] 

± $ © # m ic m m s n t ^ s «t o ft s *j © & m xv ^ - ~> f- * 7? s « , ibii^^^ 

- f * (CDD) kS^nSOFDMlcSbTDitSC^TfSS, DFT C (K » 7 
-'JlS«) ^il@i/7h (cyclic shift) 5ffifB>'7h'\I«tSil^#tt^flJfflt 

CCCttt, iiL AN (n-ij;H'J7l'^7-^) Sfe, 8 0 2. 1 1 a, HIP 
E R L A N / 2 £ IS * 7c 7* 5> 5 ;1/ » 3S *f IS D V B - T ft E © K # © M IS £ , CDD?, 

D D }± f- -V M&MJRfi'J (frequency selective) EtSftft, If t 

*^!TiSi±, #5ftfc K-i/r 4M% (diversity gain) * i! # W (C If flt ? S A £ 
ftfffffiX^-^gilS^^^feSo # (C , S^ftf t*;V}Ul«ff^ftCDD-OFDM 

© /t a& © *r fo ft tt * a sic t s m t> ft s a # ft m m m m k % ^ t , 11 m * ft s ^ ^ ^ ^ 
© a s a w 14 tiLi\ 

[ 0 0 0 9 ] 

C D D-0 F DM©±gft?iJ*©9^© 1 o ti , Sif^KtHS!: LtllJtlftl^^ 

9 ^ , f ft t> -5 , 1: S m & « Jfi , ii(r>>y^7yftoF DM^xf^^fffltt 

[0010] 

L ^ L ft ^ 6. , Uli'Xfilcfe^Ta H - U > hGSSffi"? g§ C D DSffiffitSK 
l± , ^ ^ ;P fp fffi <h L T a 5 ft S * / W ;l/ la Kg * ;l/ © h v 7 * > ^ ^ jgS S i: ft S 0 M 
itf, O F D M {g^ ? V Jl ^ /\ X 7 x — -r > f ^ -V t- 71/ (multipath fading channel) 
fctafcoTSSATSfc, s {f s ft ft m ^ tt , *»I©®(ife«fctfffifflSft*WrSo n H - 
U > h e S © ±1 ^ , d ft 5 © IS «§ <t IS fb fi , * ^ ;l/fF « S « * ii ffl f 5 d i: tc 
«fc t) W « * ft ft It ft ft 5 ft ^ o 
[0011] 

^**^tfjg&SfcSW«fc:&ftfcfft5Ki±\ 3 - K f t O F D M i/ X f A ^ S Sf tc R ft t> 
ft 5 o ± I L J; ^ £ , CDDii, SiS[©A*^ + *;l/*, K ^ IB & SSc 3! K 14 * o ^ « 
ft # - © A 77 (i/>7*^7>ft) 7 1 -V * 7L S SI -T S o liif, CDD8ff?0FDM 

f± , G. Bauchfc^tfJ. S. Mai i k t <t S TParameter Opt i 
mization, Interleaving and Multiple Acces 
s in OFDM with Cyclic Delay DiversityJ (g 
IfSItl (VTC-X7°'J>7" 2 0 0 4 ) T?OfiI, 5?7, -f^'J 7, 2004^ 
4 £ ) iciot, ii©iI@«:^^SPSDA^<Lft^ft(fft?)ft^ii^^fH«^ftT^S 

o l l ft ^ e. , m m m m w » ft a 11 ^ ^ * ;p 1 1> tc x m is t s 1 1± , a it ^ ^ * ;p © 
asasiwwft^a^a^-riEssft^-v *;n¥«*ff ft 5 aw (isw) &f t*/HF 

IKIff*5St4S. ais^ + ^;L©jasa^»tt, liK y^^XjS^cx 

^7 h;HITfeSf t^^SSIitioTlt^^ftgo 
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[0012] 

n-yl-J/y^/l/) (cl^^TfT^^n, ^ © 2*6 , (ia<D) /Wn7h->-^>X&ff 

* * % fp « # s o Sitstfet^t, (su©) /wn7h>yJ;«o*f«fi?n 

fc ^ - 3 y f± , OFDMi'Xf Atfe^Tlgft, M ^ ^ -V * ;!/ K 8 © fP « * # 
S ft £ Wffi?£ ft 5 o /Uo-yFv'yS/l/JIft^l'ffl (PACE : pilot symbol a 
ided channel estimation) tSl^T, M C - C D M A £ # £? O F D M K M ~3 < V X f A 

# S o L fc o T\ 18 HJ? * W # (C T S fc a& , HTttt, *48-Ii:bT, O F 10 
rAto^TfStS. ffi © O F DMtl-X ->Xf A'xOSlliglf fe§„ 
[0013] 

M. Spethtt, MIMO O F D M © fcfc© L M M S E f t (0FDM7 
- ? >■ 3 V f , M > 7 71/ * , 2 0 0 3 ?) tfe^T, M I M O O F DMOfefcCFMM 
S Eft^^fffSS^iiLt^So MI MO OFDMv'XfAii, QgfTyft 
!:PSI7yff ^iiTfcD, SfI7>x^i±s S^cfJtSSftSFl/--^^ 

(training symbol) * JM fl T 3 o f" + * ^ & S * If « T S . « #P f« 7 
-frt^ (linear estimator filter) tffifflSnT^S, d © ±1 # . Kg ffP « 7 -f ;1/ ^ 
f± , Wi ener-HopfjJiSSUKCttiOienS. 

[0014] 20 

L L fc # 5 , f- * ;l/ « tt , 3¥ffi£ft5ffiffl^ + *^©sa»8&tetfii*'f5fc: 

•3tititiL<*§ 0 us, £ < © m m m & v f- * * ;ng as a t& & -9- y f u y ^ t * 

W-ftfcfaSa^frS-pfcSo CDD-OFDMtff-t*/HDa»»IjRtt**t<tSft 

L T ft (J pi s n s o 

[0015] 

^ a? « ja t± * fc 

[0016] 

CDDtfcij-Sf t^;Pffi^#it?^*Sfo¥S(i, ft^iFA^^lcasnT 30 
i^Ufc, T & "6 , *)\/Xtilfo& <ofa&<o hi, X is?) 
, fcS^tt, M©#A7jiiiffi7j (S I SO) ^*/H¥f«, f4fcl3->y^^7yf 

o LfrL&tf5, d ©^ *;H¥fffi¥ffitt, fct^T©&?f £%SSJI£S 

ffit^ G. Bauchfc^^'J. S. Mai i k Id <t § TParameter Opt 
imization, Interleaving and Multiple Acce 
ss in OFDM with Cyclic Delay DiversityJ ( 

SlSKftl (VTC-X7°yy?'2004) V(D^m, ^ ^ y , * y 7 , 2004 
? 4 m tcfcv^Tii#m^ns«t5tc, c d dk iotgi^nsf t^;niiiKft 
*-\-ttKmm?&rctbKi*. mmmmtfivz z vti is* z*^ 0 40 

[0017] 

C D D - O F D MfffitO^Tffltlilt S 0 

[0018] 

II Ott, OFDMfl^ ( & fflff ) $5£ZfO F DMmmm ( £ W ) O^P-^l^^tl 
[0019] 

OFDMfllB, I FFF-F5>X7t- V 1 1 0 3 (IFFT=J&ffc:7 — UxiM 
S SI) ICB&1£ titeN e m<Dtii1]%$;ir & i/ V T )V - rt? Is & 1 1 0 1 (S/P) 

*iiT^5„ I FFF-F7yX7t-^?l 103li, f - FM >?~/^FSA7"n 7 

y 1 1 0 5 (c 1 = # - k -f y # - ^ ;v ) t,ig-g-^nfcN FFT f@©m77^WLT^s 0 # 50 
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-FM^^^/HfA^o^l 105a, i£MM^£«*&TSfcfc©lo<Z)£fJ;fr£*r-r 
S/^V*-^'J7;HS^1 10 7 ( P / S ) k7$g 1^2 ft fc M © ffl 77 £ W L T 17 § 0 
[ 0 0 2 0 ] 

HI 0 (DSIt^Jntl/^ O F DMli^B, OFDM^iMts© ; S-ft<h}M©«}s£:W 

LT^So # tc , OF DMH^ti, 1 o cd A 77 £ j5T - H 7 * - ^ ;l/ £ 7 n y 7 1 l 

i itoie-&*nfca»«Dffl^j4:*wrs'>y7;i/-^^u;i'Ssisi 1 0 9*i*T^8 

o f-F^y^^;Hi7*P>yn l l l «, N F „fflfiDA;/Ji:«»fiDtH;*Ji:**r-rs 
FFT-h5J'X7t-Vl 1 1 3E(8tSnftI»0[H7J*tLT^8. C © J§ ^ , F 
FTF77X77-V1 i l3©N c ffl©ffi7J«, Simim^lt&Wir %fcib<D I -D<Dmtl 
^ttS P/SISS1 1 1 5(<:g^?tiTt^„ 10 
[ 0 0 2 1 ] 

ftit^tin^o f DMici'j< m i mo->xt Atio^m, # jm is t y f -r ic m l 

T 1 O © O F D M U M #5 £MJ ffl * ft , -77, ^Si7>ftt»LTSiLT0 F DMI 
ItffiSfenS. O F D M © ±1 £ , ^ t 'J 7glX^-/.tJ)^ 

T , {9 ^ X h U - A N c f@ © A 7 b ;F -9- 7' X h U - A (C # It 5 ft S 0 O F D M f 7 ij? )]/ 

tt , X i i j t j; -3 T /K 2 tl T I 1 S 0 N FFT i« i^ffl^ftlD F T tf#7n 7 7 

T ft * fc> ft , * © ft , n G , fl © ^ > 7 0 W T § 77 - K ^ > ^ - ^ ;P M A £ n T x ! , n 

iPisns. 7*^^;i/-7^-n^s« (d/a) it, -o^^xjs^h (t, t) 
£ * / w ;i/ m m f- * * ;i/ ic t> fc -3 t ft ^ x ( t ) & m m * ft s 0 20 
[0022] 

01 1 , x^^^ffP{ffi©fci6©^A77#trj77 (MI SO) OFDM7XrA07n7 
[ 0 0 2 3 ] 

0 1 lO^Kcg^nT^SSiSli, )§]M77ft*5 J; tf B# fa 77 ft 1? il ft f -V 
ftSf;J4t2^S (2D) F7-^77^t«t57 n ^ 7 1 2 0 lftf^T 

5fcJ6oii©?;i/f ^i/^t i 203^ isn£LTt#6ftsfi^£MTSM©o 

FDMSII 1 2 0 5fc*|iT^5 o £©*§£, #OF DMSl^ti, *f JS T S S ft 7 

7rti 2 0 7 t^^?ntfeD, li/yft i 207 a, si«nfti§*«R©i 30 
if t ^/^frLti 1 1 oent^snT^ssiS'NjSiits. 

[ 0 0 2 4 ] 

S ft t± , OFDMIIS1 2 1 1 tS^?n/cSi7yft 1 2 0 9 $|itl^, 
OFDM1IS1 2 1 1 © ffi 77 t± , > W n 7 h 7 - 7 7 X © § ft - V 3 7 % & M it T 
S x "7 7° 1/ 7 -7 1 2 1 3 (DMUX) K |g £ 2 ft T (7 5 „ r ^ ^ f" 7° 1/ 7 7 1 2 1 3 

f± , f- * * ;i/ w m © fc a& © f- * * ;i/ w m i 2 i 5 1 , sfr-nF'j-^^figts 

fc » © $ ffl 7* p -y 7 1 2 1 7 , W * fcf 1" 3 5 -Y if i: £ IS & S ft T 7 5 0 
[ 0 0 2 5 ] 

^<^^©li7yft^ffflti.7'Xfi i ©fcfe©f + ?7Ki?ifc©i3tt5^t, 

a f? , ^AjJ#ttl7J>'XTA, T & , 1 760§©7>ft^fffltS>'XfA^#I 40 
£ ft 5 o f 7 7- ;Hf « £ H f 5 ffi D tc ^ T fct , M I M077ri'\««ff§i7-» § 

o ens, f t^;vffi^#fi7yft7*7yf 

o c © fc a& , KTt-tt, mi sov'Xfito^taifT^o 

[ 0 0 2 6 ] 

- IS fc , #Si77Ttt±> X < ^ ) (t) fc'J;tfh ( /x ) (t, t) ici^TS^nSI 
if t^/F^TrLTeiTStuCf-^X F 'J-i^IitSo fitt, SIS 

7 7 x f 7 X> 7 X (transmit antenna index) ^SLT^S. £ ft B © {9 ^ S 19 #5 

[ 0 0 2 7 ] 

7r ^ * raffi ft % S 7£ f S i: , 7 7 7° U > 9 Bf t It S ^ « * ^ - X ^ 7 K V X f A © S 50 
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[ft l 3 



t = [n + £N sym ]T sp _ 



««T©<fc5MtgWfo 

[ft 2 ] 

y,,„ = y( [n + ^JT SP J = f] £ h l «\t, r) - x ( "(t - r)dr + *(t) | t=[ „ + , w ^ pj 
[ 0 0 2 8 ] 

lCT\ N t }± g {8 7 > x © & ft * ^ L T *3 D . X ( ii } ( t ) BO F DMtlfltDS 
i/yft/iClii^^SLTfel), n ( t ) iitUW It #7 X 7 X (additive Gauss 
i an noise) ?:Iti N s y s = N F r T + N c , {± O F D M is > # 71/ 1 O ^ D © it > 7° ;l/ © 

tti^tSo Silts, ^hv^^-z^^Bissns^tic, is ^ ^ > 7° jv © 

SI^P7nT?D F T^ifiLtO F D M W. II © A £ 
[ft 3 ] 



[ft 4 ] 

y lfJ = £ + w £fJ 



[ 0 0 2 9 ] 

CUT 
[ft 5 ] 

ct tf 

[ft 6 ] 



fi , * ft ^ ft , l # B © o F D m 7 y # ^ © gy IS iM S i £ ft it 5 , If ?g 7 y # 

^ft^ciSlsTyx^C^^MM (CTF) 765. aN,, t (i, «B?S (zer 
o mean) ftcfctf^ifc (variance) N 0 * # 5 i&P J* tt * 7 h # 7 X 7 X (AWGN) £ 

[ 0 0 3 0 ] 

HI 2 {4 , M HI 51 ® 9 << - >"r (CDD) F DMtl-j< i/Xfi© 

S{9#5©7n^7H^^LT^5o 
[ 0 0 3 1 ] 

SH9#s«, ^7 H'fl 3 0 3 £jf LT«»*n«/Wn»; hJ'-^r 

S^ny^noiSlitTfeD, v 71/ f- 7° U 7 -9- l 3 o 3 f± , r\j n >y F- i/ - 7" 7 X * 

t5o ^;Ff7°l/^t 1 3 0 3tt, I FFTF7>X7^7 1 3 0 5 (I F F T=II 
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7 - V X & g & ) icm&2 tlTc&HKD B J] %GLT $5 *) , IFFTh^yX7*--7 13 
0 5ft, V >l> ~ is V 7 71/ g SI S 1 3 0 7 ( P / S ) (Cjg-&£ft;fc«»CDtH;*J**rLT 

^5, P/S^HSl 3 0 7 £J:^T«i(&*nSf ^ © f£ , N T f@©^-©3h°- 

tc # to * n s o d d -z? , n T f± g is * © m % & L T ^ 5 o 18 m SS 1 3 0 9 IC j; o T « ft 
JftSilOnt^tt, f-FIA^O'7M3 1 ll£SlT#*5nS, ii ~ F > * 
- ^ ;Hf A , S H t L T # b tx § M f± , SI 1 © 7 > x 7- 1 3 1 3t iotgf^ns 

[ 0 0 3 2 ] 

S2«|ifl8l 3 1 5 £ L T & & £ fl S H 2 ©3 h° - , (cyclic d 

elay element) 13 17 tSLTgfit? tlSo 5?— F 4 y % ~ ^ )V ffi A ft , Sit LTfl 
5n5i§B, !20Sf7^ftl 3 1 9K«t^Tli*n8. LfetfoT, N T #S 

©i^nk°-ii, n T # a © fa s gg 1 3 2 i^/rLTi@iii?i 3 2 3 ^ t & 2 

2 5iaoTSIJtlS„ 
[ 0 0 3 3 ] 

s © 31 m m ? V h ) i ^ 1 i t± - t f ;n 1 -e & ^ n s /: 

J6 , 3S ® * ? « ii 0 * 7 ^fT*9±9tJlfi?t§cfc^t't§ 0 
[ 0 0 3 4 ] 

01 3 tt , O F DMEitJOMf '>XfA©W)St5Sf S©^n-y ^H*^Lt^« 
0 f-F^>^^;HS^n7^ 1 4 0 3 EB$«hftSi7^ft 1 4 0 

i*i^T^s 0 f-F^y^-^/^it, is * 1 1 t !# 5) n s it ^ t± , f f t h 7 y 
X7t-vi 4 o 7(cHe-&*nfc^»©ffi**Wrs^U7;l/-^^U;l/S!!ISi 4 o 5 
(S/P) ESLTffil&SnS. FFTF7>X7t-VH07B, ^ fffi © 

1409 (DMUX) Kjg^SftfcSRfiDtHftfcWLT^So r?^f7"Htl 
4 0 liif ^*;l/f¥iSl 4 1 1 J; ffi S 1 4 1 3(cHe-&*nT^S 0 ^ ffi 1 4 1 
3(±, lilf, f- * * ;H¥ « ffi l 4 l ifc«tS^ + *;H¥tf7 p n/W^*ffifflbTSflfl 

[ 0 0 3 5 ] 

§ & t± , # « & > ^* 71/ 7 > f - ^ f- -V * 71/ * li 89 T 3 fc a& , SIS7n y Fxy FB 
[ 0 0 3 6 ] 

mKisifzmmmm (mmmiasif % \ fftd # ia s a is m k *j m- s s m s -e © a m 

is 7 F- (Si§stt5(t5F F Tt) ^S«t*tlSA^t?«So Lfe^oT, flft§f 

* * ;H¥ tf fi , g¥S5SOFDMSiS*Sffit5M, $T©ll|g$tf;Wo7 

>*;i/"efest#(cfiD*nrffi"efeSo L^Lft^e, cc#ss, n © *§ t ^ -o w 

p y h ^ - ^ > x © S {g ^ t iff fg )M fi ol t S t o 9 Fbl S t it ffi -r S o f % , 
^ * * ;l> fp tt fc* , # 5£ © fff M £ *5 ^ T © * ff * 5 e: ft s # s t © fc #> , f- * * ;l> ^ » © 
ii M % F- * > (l») fcfffcdCfcff-pSfc^o CCliSto^Ttt^KPL < 

® a o 

[ 0 0 3 7 ] 

±ILfeJ;9t, ilWftCTFa, S42Iff + *;Hi:Ht5Si©Sft5 C T 
FCiIS^^7^S, L^L^^5>, SftSCTFl±W#ft^rffit?Mfi*n*^ 0 ^© 
li(±> f tif n©C T F tlitg^lHII^K M*Sffiffl->7 hfcSlfrec-f 

« K (delay factor) tUtlilftSf t^/V#ft^ fefc^til^T'SSo L/cASt 

* * « K ii 11 * tl S t S t it fc * < * S 0 A. Dammannfcj;tfS. Kaise 
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rkcfc%rstandard Comformable Antenna Divers 
ity Techniques for OFDM and its Applicat 
ion to the DVB-T SystemJ ( I E E E f U — ft M M M ft ^ II 
(GLOBECOM 200 1) ©I$g, *>7>h^*, 3 1 00 

-3 i 051, 200 in im tfe^ta, CDD^««OFDMSIS©|?Il 

[ 0 0 3 8 ] 

HI 4 14, gSfcLti^nSIif t*;V©#1ttc:^tS C D D©gi^gLT^S 
[ 0 0 3 9 ] 

CDD-OFDM£Dil ( f£ IP ) ft BJ§ 5> ft t ft S ft #k N T =2ffl©)M{8 7yftfttclI 
L , #ft5-«tLTS9WftCTF 1 6 0 1 t^^tftltSo C © i§ , 
f*A^Si*'\titfSll©77 7 F7i-f-f>yfl-** (flat fading channe 
1 ) f± , C T F H ( 1 ) ( f ) = H ( 1 ) ft ft L X 43 <0 , £ ft , fg 2 © m 19 £ ft S § 18 j£ ^ ^ 
IffSf 2C77 7 h7i-f-f H 2 © C T F H (2) (f) = H ( 2 } ft 

tlT^5. SlCCTFt'J;&*$2fiCTFtt, ft ft t> S & S ft ffi A L ft SI 1 43 <fc ft 
l2©7>ftOC T F^feSfclfttCtJi/'^tSo * Tc , O F DM^>^;l/|iRM 
©¥#©}S[Hl3I®^fg2©7yftfttc:fc^TffiA£ft, T (2) cyc =<5 ( ^ ) cyc T spl = T/ 
2£4Stfi(£tS, :c?, T 43 J; tf T s p ! {4 , OFDM'>>*;l/#«^IIfeJ;fft> 
7° U y^^l^ffl^^LT^So H 5ft W * C T F (IS^nfcCTF) ©111 6 0 1© 

, i@igy^/i-->f ^(i, ns&w*cTFfiDaa»«^ffi(c«fcoTSR*ns^*t) 

[ 0 0 4 0 ] 

f?2©7yftft©jMlili^M0«tcM£*);Sciftcj;tft M S lc ^ T\ M 4 © 
7yf f 77>f H (1 \ H ( 2 ' © 2 O © j§] M 7 ^>y h-efeSj^ffl3t*7x — 7*-f>^C 
TFtf, Ifi»IlR9S4CTF H (f) 'NllJntl^o H M ft C T F © |g (@ 1 6 
0 1, |H(f) | {4, H (1) | + I H <2) I t s I H (1> I - I H (2) | fcfiDM-eHS&f 
S IE 3K a 7 S o 

[ 0 0 4 1 ] 

;UP7 F^yl^Jlf t *;HFI (PACE) ic 43 o T H , K STJ © v' > * ;1/ ft W 
P -y h ) ft D f ffl © gij ffit S & 9s © ^ Si 81 * m M ft o T HP A 5 ft 5 o #4S-ItbT, 
± }£ © M © ±1 £ tc fi , D f = 2 , ft * ft ft , ^ T © fg 2 © £ ft gij it m 1&. ft 1 -3 © / W P <y 
h (/WOf hfi) ft^ftMS/£ft5o c © « , H (f = 2 i / T ) = H ( 1 } + H ( 2 } ft 
It^lSTtSo C ft fi , £ T © SO « 3£ S m b T ft * ft ft ft IT « ft 5 ft 16 M ft W tc ^ 
ftT^^>**FlflFlt5«OS I S O ft ^ * ft tf « ft , S S£ 7 7 >y h ft * ft 

[ft 7 ] 

/ T) = H a] + H l2) 

*fFftSctS*»LT^5. C©C£«, Ttft©g(JMSftc H LTft ftftftffttT 
#1*, ft©ft*ft iTOfiClfgStf^^nS C fcSiDSLT^S, D f =l©>W 

p -y h mmztiim-r § tinx, t-ftftft, ^Toiiatf/unft^i;««? 

A ft ft t£ , ft $ © M © V y ft ft © i© £ ft o T fe 18 K T # S ft * ft ft fP « ^ nj fg t» 5 0 
LftLft^?), C©^?£tt, fyfflWt^#SI©#?ft*ftfiJffl^ftS±}SLft^S(c||31 
ft ft 5 ft 5 o C ft f± , ^ ft p v b is - ft y X © g ft ft ic If ?g }H {9 ft ft ft 5 c f: ^ T~ # ft ^ 
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±}£ L fc MM<D 1 ~D(DM&m.te, M I S O h V V F ( MI SO pilot grid) £ 

f!l Hi T 5 ft 5 „ SiSCtt, HI 2tg?tlT^SCDD-OFDM^Xri©l#S 
F ^ y - /% m ifi * ft J# T 5 t t & "? # * V „ * CD ft fc> <0 , OFDMSiiC/Uny h 

^y-y^iiAsnsftft, #gi7>ffi«ngft«i f f t a - <y h * & m t t § 

0 £ ft tc J; D , gi^H^SIts§„ 

[ 0 0 4 3 ] 

HI 5 ii, #7yftt*fLtI9J©/Hn7 fSA^-y b (pilot insertion unit 
) ITSCDD-OF DM->XfA©Si?s©7n-y^l5gLT^S„ 

[ 0 0 4 4 ] 

V ;!/ f" 7" U ? -9- 1 5 0 lESLTfilgSn, ^ 71/ f" 7° U ? +J- 1 5 0 1 {4 , /Wn^hJ"- 
^- > X 4: « 1 5 0 3 ia^TtSJftS/UP7 F->-^r>X$f-M MJ-i«S 
BtSnlf-^^ifttSi^tftot^S, V 71/ f" 7° U * 9- 1 5 0 1 {4 , $ ft © I FF 
Th7>X7*--7©nclO£OI FFTF^yX7*-Vl 5 0 5 lc ffi & £ ft tc M » 
OtH*^f Lt^S„ #F5>X7*-V1 5 0 5 B, /^1//1/->"J7;1/1«I1 50 

jiS-rsM^isBKciia^itenSo ft © ift w k l tc w x , si «i^,sbi 5 o 9tt, 

Sl(D7^ftl 5 1 3 K IS £ * ft fc 1 o © ffl A/ * If T S 5? - F ffl A 7 P >y 9 1 5 1 It 

us * n t ^ s o n k t> t\ i? 2 © is *t m 1 5 1 5 « s hois*? 1 5 1 7 

feitfS~FffA^n-y^$/rLtN T i©iii7>ff ©^©IS§^I7yff K 

ne-&*nr^So N T ffl©M©9-t;©N T #s©Mi 5 1 9 it, m*?i 5 

1 9feJ;tff-FSA^n7^«^Lt»{St-§Si7yfttfi^^nT^? 0 
[ 0 0 4 5 ] 

HI 5ti?ntl/^gi^S, £ # * I F F Ta^7 htf#7>fttit5St%S^ 

, & n t l t # 5 n s m is & © s m it # ti a ? % c t * * l t ^ 5 0 c © % % 14 © tf a t± 

[ 0 0 4 6 ] 

SiStfe^T, 11 2ic,T^nt^SJ;3ft-|fW*lili, * © M I M 0 fp fffi , 

•r * ft ^ , &wimm%iKN T ffi<Dfr*)iifc&mm (ctf) * m m t s © c & l £ w « 

S*iiT^8. LfrbfctfS, Utt> #A*f (S I SO) ^ * * 

[ 0 0 4 7 ] 

it *t tt © it A fi , * # % m ^ m m mft * # s ii r y f - ft n & t € F9 l % «- n « s is s # 

SO 1B © M M ft -V % )V © C T F«IFIi&>}It§i:ttft?ai^l^litjElLT^S 
[ 58 HI! © ffl ^ ] 
[ 0 0 4 8 ] 

*56HH©SWtt, ^^^^K3M«tg©a*«*W«©fcfe©ffi±^H«TS af$5 

[iss*)5i^-r s fcfe©¥g] 

[ 0 0 4 9 ] 

^ ¥e }M « fg * #F « -T S 7? m \c j; -3 T , 5 ^ f± , BSJS3 3E{S8N t fflO;Wn«; hi* 
[ 0 0 5 0 ] 
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tt © {A IB 7 >■ (coefficient dependent phase shift) § t fc 5 t t 1/^9 fltl^'l/ 1 

t^So ud, mmmnm^(Dx^? h^mmt, mmwmamy y b *y->r >x ( co 

mplex valued phase shift sequence) $/c(±^Sffl{uffl> / y'h> / — ^ryX (real valued 
phase shift sequence) £ £ & ft £ H L T It ^ fc> S d «h £ ffl H5 T 5 0 d©7f!»tt, 

[ 0 0 5 1 ] 

&. ± © m x- tt , x ^ ^ Ml/MgMX^? h;l/^lfr5->-^yXTfeSt^5li 
tl-j^Tl^o #48-MiLT, OFDMi/Xfilco^TfStSfc, X ^ ^ h ;P 

am, i f f t s m * m m l t b# m m # m * m s m tc it #s e v h^iitsaia 

oTtfStxSfeOTfeSo Sfc-T^s I F F TSSSIffitSf £, X ^ X h ;1/ g % {4 , 
[ 0 0 5 2 ] 

[ 0 0 5 3 ] 

MAS, ^sisi^ii, m m m m m % © x 7 h n m m. &&. m y y h y - >r y x + 1 
, - 1 , + 1 , - lftHiaoti i;p»n§j;9Ki@wti®jn§o ^ © tc & , am 

KS) © it > 7 )V K - S> 3 y £ m. t> L T ^ 3 o fl»J * fcf X ^ ? h )i g jg ^ ^ _ x y h m 

^^b;H8'\i77 7 , 3>^-h5n5o ii 0 « £ ft tc h# m ft ^ ^ , jm ^ * * 

/^irLTli^tlSt, ^ISM^WTSMiljlX^? F/l/Il§fiJ5 5X^? h 
^M£WTS0#fSMSfflffl^ftM#?>ft& ( F«; 7^-Mi^>7 htf-tf nt'gl t\R 

M}®7^;PX^{fiffiLT^^a)iX^^ b ;b M © M £ fti T 5 £ ^ T # S 0 X" 7 
> rn - 3 > flHc l/ 1 T Si , M 7L $ ^ — X /\ y F X ^ 7 h;HI (the base-band sp 
ectral region) * £ ft S , * ft X ^ X h ;1/ g S © 3 A ^ — *J 3 > # 5 ft 3 0 

[ 0 0 5 4 ] 

* 58 HJ5 fi , - IS £ , S « 19 ^ © X ^ 7 h ;!/ a H # , H % 5 ^ ^ JS S S£ * W L , A^SS 

gi -r s ?t * w ^ m ± % m « -r s o * is m t ^ t a , m a «\ s ft fa ^ © x ^ ^ h ;i/ m m 

[ 0 0 5 5 ] 

— fflt LT, KTtli, 2^©Si7ytt51fflt-§Ctt<i:f)Bl 2 £ ^ £ ft T ^ 
SJ;9*}2l{8#5*}g ( N T = 2 © if ^ ) ^flSISIg^^M-^t^gfto^TSS 
t§. S tc, Hi^S:®#fc-rSfci&, Jg%S«fgx-XftW;l/^7^Xit 1 3 0 3 K*fL 

i fftiki 3 o 5ia-3Tiiii^tii?ns„ c ©^^, sis 18^ ( rmmm 
sis^j ) tt^T©{i^ssst*jt/^T«a-efeSo l a* l a # s , i 3 1 7 1±, 

sici^gBi 3 0 9(aoTfi«^n5iii^©3K-t*ftg#£©ii^, n 

2«i^gfg 1 3 1 5 ic j; D « l& 2 ft S 18 18 © n h° - fc *f L T fe tc "T 0 * tc , HT 
£t§o 13 17 £ «fc o T t tc 5, * ftS3S@ia@A^ 09*tf 0 1 4 (DS»lt 
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W3LT$<fc}l©Mt*fJS-t§iJ§^ S fl fS *f © ^ 7 h £ ft fc n h° - © X ^ 9 h ;V a 
JStt, M313lX^Xr-;Vfi«£tf>S 0 SlOf^gBl 5 0 9 *^bTffi 

ft * ft 5 3M ft If CD X ^ X h ;!/ a M tt * ^-X/O FX^^ hiHl^fii6S„ T ft ^ 
, W7?©X^? MUtfm, H45X^?h;H«f fifeS. Il«Ifi7yff 1 5 1 
3t/rLTSif^ (ilO;Hn7h^-^r>X) © ( M ® 2 ft T ^ ft ^ ) 

t^;^i>LTSi?S'\Iib, frO»2©7>ft*^l/TSii^ ( SI 2 
©;UP7 h ^ - > X ) OH?nfe3i;-Sl20lif t*;I'*^LTSiS'\g 

ffl^nso # is hb tc *j ^ t, i2©si7yft^5SiiS'\ti£tf5i2 0iif 
* * jv © v * jv $e m m ma , s m ia © x ^ ? F)Hi»7^ha-^3 > ^ s w « 

tSCt*'??, X ^ X h ;l/ a 31 © 7 j )]/ X - P a > , M»3SX^;PX£:{£fflLT 
§ 18 18 © x ^ * h )\, g jg # 7 >r ;P # U y 9 ? S c £ £ £ o T W e. ft s 0 L AST > H 

i © 7 > r i 5 i 3frz%m^^tmtf%m i (Dmm^v *>i<D^v *)immmM*n 

« T § fc *6 , fg « 31 3i 7 ^ X (LPF) ^ffiffllt, Sii§ox^i'h;Hl*7^ 

[ 0 0 5 6 ] 

* n m k ^ t , su ffl © a f - + * ^ © f- + * ;he at *t ma . & & m y 7 v y - 7 y x 

tit 5t-f H If fx (side information) ^^^^Tl^ip, ftS^B, (fKCDDC 
^- U * (c ^ T tt 31 0 31 ® (c M T 3 +r F fit ^ 9t -3 T ^ 3 « ^ (c , # IS HJ? © flf M 31 

1&7 j )i< z v y ? k & <o mm l r ft mt & t 1 % 0 c © it m t± , s^sm^** 

;l/*^rLTSiS^ISt8Ci:tf7tS, S fc , @S^ftfcil03i®^^^->'x^© 

s'tyii-iiCffiJiiShss^Kii, iiffl^ftSji03i®^»ffl«ta?)ftSo 

[ 0 0 5 7 ] 

* £ HJ§ © « © m ft S fO j£ tt , C D D-0 F DMVXfiCft»Cffi#4 h^y^-M 
SJiSISifrseifc^-eff, * ft ic «fc »K D f > ltfctJSHi 2fcJ:tfHi 3E^sn 
T^Sf*©Si^iIJ3J;0"Sffii^f fflT'tsn^,«st-fe§o ^ © J; 5 ft±l? 
ft / w n y h n ffi d f « , fii^f AU^Ii&f t*;Hlf i'XfAtfc^t, a ^ 
a a -e # Si -r s a - if « -9- # - h 1- s fc i& k >is s t $ ft 5 0 

[ 0 0 5 8 ] 

* f§ © S ft S f 0 & tt , *%i©Iiia») CDD-OFDMlflv'XfA^filOl 
f¥«S«^ffl^Tit^-hT:'^Si«0il^<5 < ^ ) cyc ©fEHttPS5ftS^, *fSH^©73S 

tfffli-tiifeio^fi'^^tt^K-ts. m * © s 1 s o if ffi f± , a ^ }i © a 

®T ( ^ ) cyc =5 ( ^ ) cyc T spl = ( n - 1 ) T/N T ^IS$nSS^, D f =l©/Wo 
•y Mffi*tbT^ftljnB45ftl\ -75", ^fSHlicDffpfflT^Stt, T ( /x ) cyc= ( ft - 

1 ) t / n T © a ^ }i © a ® © /c ib © ffi g§ % si « -r s „ * fc , d f © m u ^ *? 5 f&i ^ f± 

^7 F?iSWtI5tt:t^T'$, T ft t) *3 , / W n >y h H H D f ^ m * 2 # 5 d i: ^ 
f^§o * fc , D f = 1 © X f - A (C ^ T fe * © « ^ W fO S «> , * 56 K 

fiJffl^ftSfcfe, ffi H tt Jf> tf * n x h^^^;^^Sc:tft<14tg^^±^^Sii^^T^ 

S o 

[ 0 0 5 9 ] 

*%itfe^Tii, f ©nif-^HSns^t/Wny h^-y^x^, CDD-0 

f d m © ^ y * t ^ r v )]/ =f- * v r y - 9 y x © ja s - n m m m e. ^ u s ±i ^ 
-ea&oTfe, ffi#ft c d v fcmni&itmm? % c t^t*ts„ ?;^^fj7-7-^77 

f± , Mx.it ^ t) © ^ - > X © — 31 © M % v ;l/ f - ^ U 7 ^ II X 3r - A © II ¥X © — 31 © 
giJK3MS©^T© D f #lOililitl^ LTSO^TS C tic ioT, # S 21 t ifi 7 # S 
o LfctfoT, tl«i*at) ©I0«3MSt*f LTSO^TS C % ft E «fc D , 

*;H5'y + y^©ft6©f-^ifi*J;ff^Wn'y h 3M {§ * Hit £ fr ft 5 c^TftS 
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o © tc tb , r b# m m m j iLtsit^un'^-^^yxii, h ^ - - > x # *j £ tf it 

[ 0 0 6 0 ] 

iaWSC T F^iSftfe, M I S Off«(i, ^T©^ = {1 N T } min 

7 y t- -f k *j if § £ r © m m m c » s « ) h ( ^ ) c i / t ) ^isijtffitgci^-et 
So s ( ^ } cyc ^^^ Kit m t lts«? n s w& t a, ns^ns (iiws 

) CTF H (i/T) £ B M ( « 7C ) t5Citf?t5 0 
[ 0 0 6 1 ] 

kt © h ffi * #m l % # s « m © s * s mmj&m t o ^ t m t §j m§ -r 5 0 
[m^mt s fefcciicfi] 10 

[ 0 0 6 2 ] 

HI £ ^ £ ft T ^ S * fg HJ§ © f- * * ;l/ « « , A 77 £ ffi 17 M "f S H# - M 

ss^i 0 l^fi^TfcD, siFi-aisfHii 0 1 © m t± , ^mmmy * )v$ 1 0 

3£«S-&SftT^S 0 §8117^;^ 1 0 3 It m -h 1 0 5*tLT^S, 
[ 0 0 6 3 ] 

Ii(cg?nTi^ft*;HFIi^li, ifl-ISSSasi 0 i©A^tfig?|i5 
Sfi^i!) 1 ^ Iff t*;^f +^;H £ iMi!^ilitSi9t&- 3 Ti^o S 18 18 ^ 
t± , 1 i * ^ ?> I i f + * ;P l> L t f i * ^\ 1 1 i T t S / U n 7 

t^5. m ft j£ a , m a si ® a M x 4 * - i/ -f << m m m © # - © ft ^ s ss t w a # it s 

Cttftff S. ^ ft £ JS U T , S fi , * 18 W © ? * * ;H¥ « S i: ft £ M in § If £ IB 20 
&jAg;ftTfcJ;<, gf/yft^IiTU^o /Wn-yF^-^yx ( TBfFSMfi 

X^Xh^M££feSJ;5£*j?Sc£ftT^So c © *1 £s 3fs©tf^aa«^#«aa 

[ 0 0 6 4 ] 

iits^nTi^iat, s « « *t a , ifw-asssfisioiicjjD, s * s fi 
^tsi?n§o jx t , c©s^sfl^^, sfito^^i'h^aittts. h# fs - 

h#fsmj r%tiimmwi ^mm? zumv^m, m*. xmmwttn 5 n t 30 
& ■v * 5 0 

[ 0 0 6 5 ] 

0# FS - M M M 1 0 1 © m fj ic , Sli^©X^^h;HIiijiiftSn8, ft 
± , X^^h/HIB, ISti f tILTl 1 ICS? ft T^5o L ^ L * & 6. , ±ill 

f; i 5 t , s {9 {9 ^ © x ^ ^ h ;b m m a , ^tigfttf i -9©x^^ f/^stst it^ 

{8I8^©X^^ h/Hiii, ±izRbfc^lB!(a®X^^ l -3©X^ 

;Hn7 hv^ — ^ryXCX^^ h/HlCSf^^^H > (4 ^ ;HP7 h ^> - > X © X 

t , p/t s © >l> a s a * s # « a is x >r )]/ z i o 3 \c j; d s fa fa ^ © x ^ x h ;i/ a II 

[ 0 0 6 6 ] 

Hit tt, f«M7^;H©#tttffl$StILT^?nT^S„ ill, IStB 
f' ?S«ftT^8. lift, 7^;HlI?ti/cSti^©#ttJ5J;fff«II 

x^X h;H«^^J55 7^;Hll^n/c$«i^ox^^ f ' ItMLtiL 

TPS, 
[ 0 0 6 7 ] 

f ia";W0 7 h i/ - > X © X ^ X h;HI©iH^ 1 O © ^ f* © - X > X tf <fe 5 50 
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m & , * 5 tc , ffi©Sif^0l®3t!-t$S i-3©IIf^(cj;^T;WP7 
#M#t?^ *7ivKMM©M (Mffi) -efeSo It, faiiy^Btt, 

[ 0 0 6 8 ] 

H2a, 2b, 2ct±, SftSMa®X^Xh7ivM££i6§x^Xh7bM£:M 
2-3(D;Wn7 hX-XXXtc^tS#fi!BJ?©1I^£^LT^So U^c^Wn-y h x 
- X x X f± , Ix(f, l-3(0/i^P7^>'-yyx^8tC§£ti)5?t 1 fegl^i, - 

is w x f± m m m n is ^ ^ e. * c # s 0 e © ±s ^ . /uo7h>-^>x«sic3^ti 

H l ©MM (delay factor) f£ tt 31 ® £ ft , 3 W © > W P y h X - X X X © H 2 © 3 10 
lf-i4CDD£gSS?S2 0igffR«tj-II*nS. Lfttf^T, fflfc'J;tff!2© 
/Wn? h v' - >r y X © S m - X a y © a M * # if S fg fg f± . 3i£»tifl$lt5i 

tfM*sms©^^^sa*wrs^«ajfix^^ h 7m « ( h 1 ©#«3i3ixxx 

fS M ) !5j;0'142S«IlX^i'h;HI« (lg2©#a3I3lX^Xr-7PM) ^ # ft T 

5 10©X^*Ml/*8FOX^*Ml/M**rLT^So T ft ^ . §1818^©XXXh 
/HIB, Hi feitfi2©/Wn^ hX-Xxx©X-^ hiHciatSX^i' h ;P gSc 
# * -g- ty 1 ^) © X ^ X h/^fLTl/^o 

[ 0 0 6 9 ] 

I i ollf t^/i-of + ^;i/iiiit©fFf 0U a t±\ p/f £ © tf £> Ml K ft 

SWt8SlOf«l»7^;I/^Sfifflt8Ci:tf7t8 0 * ft tc JS U T, I2©lff 20 

+ * ;p © * ;p $e 3M ft m © f¥ tt * # s fc & , g!!tsi£oifi-&lfi»*tt5I4Sff 
ttll7-f;B*ffiffltSCi:tf7tS, L L ft 6, £ © ^>fr 13 M tc II L T M 

fflLT, SM^fiD X^ x h 7 -f ;l/ 3 C tc <t D , flMX^n* 

X * IS IE L T S It is % © X ^ x h ?l>mm<DMtylSiy 4 V X 9 © & © * © tfj M 

6 tf W tc «fc D * © m « CM * IS SI f 5 ¥ IS * S tc fl * § c £ # "P # 5 0 
[ 0 0 7 0 ] 

ffl * fcf , ft # a 31 x ;b ? {± , t-y h©7^;^«^7^H'jy^tlffl?nsf 30 

^^/v7^/HT*g?„ c © « ^ , f«ii87-f;^siit8#att, m s © tf & m m 

ItfSCtt'y h©7^;b^iS^I«TS¥S5ii5Cttf c-t8„ 
[ 0 0 7 1 ] 

SttEtTt-y h©7^;^flt^t»t8i9tH'Fl-SJ;9t<:ft^t^8„ Ixlf 
, ■b^©7^HSt^g«T§fgli, Hf * 1? £ iSc X i± ^ a& IE 11 T? # 5 II K © flff S © 
^ S S WL K JS C T M ft © -b v h © X ^ 71/ * & ft £ f 2 II t 5 X ;l/ X ^ ^& U * fl A T ^ 5 

[ 0 0 7 2 ] 

S fc 46 K f± , ^ W © is - X > X © fg (;Wn7h) ^ K * £ ft 5 d t & U * L ^ 0 * 56 K 

y©^T©D f #S©ffl^Sif?-rs-blxXX^St«x.TV^c Tft^^ 
, Sfli^OX^^b/HItt, 3! K * ft fc ffl * # U i/ - X y X T~ fe 5 o Ii(f, ^ » © 
iz-^ryxii, IS H i: L T # 5 ft 5 H5 W © $/ - X > X ^ , liSffilli^it 1 -!©! 
ft if © # S © M If W # 14 * W f 5 J; 5 tc S ft s -x - X y x ^ x x =7 y x* ;p ^x - x x x t * 

il^b*8CtlLj:^Ti5nS. d©«^, *f|Hyg©Bf PMSISKli, X?^ 
x X ;lv » |$ X - X x X * § {8 {8 © X ^ X h ;l/ a S i: L T « f 5 fe tc S 18 18 ^ © X ^ 
x h a J! t X x ^ X X ;lv X - X X X © S * « g _ x a y t * ® If S % fc tb (D mW 
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•r s ^ , #x?7y^^^-^yxitiitss4Sfiffl*tLt^5o £ © M ft § ffi 

> 7* ;P ^ - > 7 © - J? a > CD S * K ffl US T S P£ » * ff ft 5 £ 5 £ » T 5 0 
[ 0 0 7 3 ] 

* y y y*ff* 5 fca&, u? - js sims^b, Sfsii^ © x ^ 7 h frmmz -t v h © ^ 

[ 0 0 7 4 ] 

7 h 7 F ^Ifflt S i ^ tiff T S J: ^ic ft o Tl^ „ ffl * tt\ £ T © D f # I © grj 

mmm (t^fj7) Ki^/wn^i«*$/i>?^5. n © « ^ , ft*;«« 
© fp « f± , t w p ^ h s « © fc © M t* f$ ffl * ft § £ r © d f # a © @u * jM t w 

gfSBiJ4©JS»«j£'7©##SCfctf'Z?t3o f - + * ^ If ffi * # A, -Z? ^ ft ^ 10 iSiSt 

is ii t s s $ * -e ^ * * ;i< as « be © w m * m s £ * , *%Hg©#«aii7^;pxtt, 

It, 7-f ;H«tl?nftiti^ (feSt^tt, §fifi^©X^ 7 h ©PD^9 

11 h s n 7-c f* * a « t s fc * ^ s 3 m m $> % ^ « 7 * - ^ - 11 * fj ft 9 <t 9 c m \f t 

s 0 

[ 0 0 7 5 ] 

l fc # o t , # « ti , £ r © d f # s © b# go k / w n 7 h it m % fs m % % m m -r s 

±^tlffTSi5tftoti^„ c «d « , *f8Hg©^igcaii7^;l'Xtt, ^i©Bfg(J 

&c *j it s 7 j )h x ® a * ft fc s » m % © *f js t % m t m 2 © b# go c & it 5 s ft s 7 ^ ^ ^ 
i^^7^;Hfii^n/ti«i^^Ltf §<t9tifft? 0 b# 11 s ft 5 £ » , 

[ 0 0 7 6 ] 30 

m m 11 m % x tf a s a « * n ft ^ /t * , * is w © w « a ® 7 ^ ;i/ x t± , a ijj t b# h 11 

K^ftfcWia7^;PXffifI^ftfc^«i8^^7^^^Mii^ft/t^«{B^^LTlI#iL, 

^ © x 7- -y 7 t 13 & s 11 w 7^ s * b# 11 ^ ft /c m m 7 >r ;v x m a * ft ^ m. m m % k m l 

T ii ffl L T fe «t < , S ^ tt , ^©jMtiSfcraaTSSo * IS Hi! © M ft 5 fig « tc *j ^ T , 

* 56 HJ! © ^ « ii ii 7 w ^ ^ i± , B# ^ || ^ tj «t )a S a II ^ ill Bf ft 9 £ 5 £ ft -3 T ^ 

[ 0 0 7 7 ] 

*M©Sft Slltt'^t, Sfifi^ii, /WtJ^hJ'-^yXfc, MftSgffi^ 
?>14 5Iif t^i^/rLtSffiAtiMIt^SlftS/Wn^ F->-^>7tCi 
4*#Av-ev^Tfe«k^ 0 llT*, hi/-ir>Xii, S ft S ^ P v h zs - 40 

56 hj! © f- + * ;nf « #5 f± , s ft 5 7 ^ ;i/ * m a * ft tc m. m m ^ * m x m ft s a is f - ^ ^ ^ 

© S ft 5 f - + * ;P $e }M « fg © FF ft * # S J6 fc , Sil^©x^^h;l/gi*7^H'J 
>^tSl&§3f£«^iIIS^ttSlS:S7^;^^ltixT^tfe J;t\ 

[ 0 0 7 8 ] 

X^*Mm«fcT5Ci:tft?#So SftS7^;l^xtt, p/rS©^>^JSlSa<h 
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S fc — ^ , Mft % X ^ ? b )l X y F Z ^ ? b mMX & -d X t> £ 0 d © 

X - X f± , Ixif, H 1 2 £ 7T, IS ft X ^ S «t 5 K , SlCl^lBl 3 0 9 iMilOlg 

« ? tc s £ * n * x ii © a m x v ^ - x f >r 7? a t # js -r s o 

[ 0 0 8 0 ] 

«*&-r sffisaiix w ;fx (lpf) 7*5. fiSM7^H'j>^a 1 #saiix^ 

;P X * p fp ft a & ft E M fi f S c i: (c «fc o T fx * 5 e: i: # 7 * S & . & $J £ II S £ ft 

€ § o 

[ 0 0 8 1 ] 10 

±$ L fc «fc 5 K , *fgHi!©«^f±, Sft«igtfaS;Sffifii'7h*3l*gi:tJ;5£ 

#P flj f S fc » K f IJ ffl 7? # S o * IS Bj§ © M ± (± , lSII?^A-->f^>'7fl.TOft 
^.;VfFit^^tlLT^?^, lS©gf7>ff ^li(fflioSi7>ffon 

I S Ov'XfAtSLtfeiffl'fli C tA ! T?§ 0 J£ ft S - 0IJ t L X , jM 18 ts S . ffi ft © 

li7yft«ffflLt^i;iii^«lit§5ra^^^->'f^SiSTfe^tfe<i; 
^ o * M © ¥ ffi ^ ±3$L;fc|iggfcl8g?-SMftSfflM^**rt'£fl'LfcMfc5/Wn 

7bi/-^y7©sfT'tts<, ^ + * urn m © fc & k m m t ft x & £ x 0 m * «\ am 20 

6 t± , ass 0 (J^ffi) w ic w m £ n s (->7h^n§) ^-yy^tfii^nsi^ia 
a® (i0^7h) *-mmicmA?2>z tttx^Zo l a* l a # 5 , *%w<Dm-mjm 

-F£3l^iE£tM4ffl^XF^-XXX£"§-A,7?^So C © £ V tt , * ft ^ ft © f- * * ;F 

m m m m © w « # is m t l t # 5 ft s # s ^ 7 f ^ - x x x © % * « s ^ - v a x t m w- 
^fesnsiBicffiiE-rscifc^-pff, ■?■ ft tc ct 0, m $j iwi « £ ft s 0 c © 8 * t± , 

^'7yny/^hSfttt7773>A-htcISt§o 
[ 0 0 8 2 ] 

Sif§ox^*h;H«tt*ff«ia7^;l/i('jy^t8feii)©ty hcffSt, X ^ * 30 
F )l> m M © 7 w ;P X M - Z? a y It ^ - X > F X ^ ^ h ;i/ f| ^ ^\ ^ > a > - h f 5 
6©Mft5-b7h«§ltcil^^A J -e^Ttj;<, ft tc j; D , * ;1/ K S « ffi © 
f!TiOi?iTfeS7^;b^ffilJn/cIli^^lffiT§i: t^t-t?.„ 

[ 0 0 8 3 ] 

Siifiii't/i/?^?*^ *fgH^©#«aiix^;P^tt, f«H7^^y^-^ 

7 > n > ^ - h t * |il Bf R * ^ f c #> © g ft 5 -fe 7 h © ft * # /v X ^ T fe J; ^ 0 
[ 0 0 8 4 ] 

x ^ )v x u > ^ m w t ? v y n > - f m w t * m m k n ft 5 ^ 0 tc , * is ^ © # « 

a ii X w X f± , S 19 19 ^ © X ^ ^ h ;l/ a H ^ « a ifl X ^ ;l/ X U X X T 5 fc ft It t ^ 40 

fig-rscfctf-e^So c © « ^ > * is © ^ * ;i/ m m ^ « ^ ^-x/oF7^n;n 
« tc ^ t f- * % k m m m © w « * s x x n x ^ - f m ^ * % s fc a& tc , f»i7 

X X X n X ^ - F -T S X X X n X - X * S (c « A T ^ T fc J; ^ 0 
[ 0 0 8 5 ] 

^fttcjSUT, *fSH^©^^ *;H¥«Sf±, ±aL/cl&S7^;Hll?n/cSli 
^?I&S§SII7^^ h;HSjg^P,#«a}i1S«^XXX3>^-h LTMftSXX 
>3>^-M9^^#Sfcfe©gftSXXxnx/ i ;-X^S(c;fIx.TXTfej;Xo d©±I 
^ , S ft 5 X X X n x ^ - F 19 ^ « , SftS5 L -v^;Fig3M«tg©SftSfP«'t 5 <feSo 
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$ ft - 77 , *5SBo^!>y3y^-i'H^SStt, 't-XMy fx^? h /Hitter 
T^**^«jH«tl©^**^M£$&aTS;fea&K, M flJ? © + * ;l/fp ««g ft m © a 
M -r ^ - v' f - -f ft v' x f a ft tc ffi & & * ft s is ic t n fj t s c t # z # s 0 Mas, 

J; D J; ^ ffP m % # 5 ft a& £ , ff? ft x ^ - * M '> * 5 d £ £ , /Wn-7 h iiEHTS 
lft87i-Xl7-*8'>S*8i:it, Sfctt, lilf^^t-f ifS (Wiener 
prediction approach) *€fflbT : ?ai7-f;l/^U>^*ff*5eifcfc*-&A>-evTfe«fc 
ScilXf^tij^T, 7^ *7bKSIlffi©M£ftftW«H:, 7t © H )S f- S x 

^n/ns'Nty^ny^-hsnTtii^ ^©i^ctsftfe, * % m © ^ * * 

/Hfi^tt, 7 7 7°n>;^i>' 3 y ?H » * H fr f S 7 >y 7° 3 y - $ £ g £ ffi Z ^ T fe 

ct 17> 0 

[ 0 0 8 7 ] 

± $ l ft «t ^ k , iisaji^v/^-s/x^sia^stiiM-rsiis&w^^-v^^KJMii 

ffi«, ^ * *;HEg«tE©M£-&A,T^ S o d<o»^, #f- + *;HEiM«tgf±, 

7b $e M ffi ffi © fp fffi * # S ft to K , * 8 m © ^ -v * ;H¥ « tt , Ha&Wfc^^UKS&afll 

©ffPfffi"t? $> S n > ^ ^ >y h SSffl ^ (composite transforied signal) 5:f S ft 6 t 7 ^ 

w © tin » « . ?**>i<n&mm<Dmm£mft&r**)vm%mffi<D&m££>mm*'3ts 
m%] f- * *)immmm<Dnm%m% rob k 7 * )v z mm s ft ft mm t s& s 7 * 

;HM?ti/cI»ff«iDiSJ;5tftoT^S, ± $ L ft J; 5 £ , 8ft8f 

[ 0 0 8 8 ] 

±abfe«fc 5 (c, f- *;Hg^Hffi©!¥««§l t) ft T t^T fc <fe ^0 cftti, M x. 

fcf , S W © y - y > X © - jS © m * J£ ft © - £ © 10 * M © £ T © D f ft g © iJ * S 

*f ltso^t s c tK j; d tens? ^^^-v v r v->r y ^(Dffimmmm^mK * t> ^ 

^07 hi/-y>X^£CSl^t-fe5„ ^©fcfe, ^ -V * 71/ K « ffi © « (f«II 

Xi7-*tt5. lilf, 7i-Xi7-li> D f Eitft8X7-7i-X ( x 7 - 
ffi ffi) ^?l^giI-r-S©7x-X^-A (ffitSWP^) 7*8, 7i-Xi7-*«^« 
•£ S ft to , * ^ K © f- ^ * ;Hf fffi g§ fct , ^ + * ;He iM ^1 ffi © If tf © 7 x - X x v - * ffi IE 
t8fi*llciiT^TUl\ fl»J «\ 7i-Xx7~^SIt§fg(± > 7^ + ^ ;P 

Eft^T^S. ^©SlWtt, ^-7^yFX^r-7HS«^£J65, S^ttf«iax^ 

7 h 7P ffi m zt tS- to s ^ ^ ^ 7b *e m m ffi © i¥ m t « l t m m t s c t ^ -e # s 0 

[ 0 0 8 9 ] 

C D D © D F T (M7-UXM) #ffi*3pJffl-rS*«W(C«fct), Hi 2 K ^ * ft T 

^SinSi^-'yhcSSi&filoci:^??, -77, SISBMI s O 7 1 ^ ^ ;H? « 

>y h (MI SO channel estimation unit) % £ L Z + ft K m Ri & Z £ ft ~C* % & 0 
t1X\-y^>, *%i©IJ:tt, HI 2 Of *© C D D - O F D MSiI?:ffl^Tf IM I S 
0;Wn7 h ^ U H (virtual MI SO pilot grid) fit Yl L T 5 0 ffl f § rffM I S 

o / w n y h ^ y y k j a , m®m&(Dmx'&icm%£Lzmzft%^^uyhiy->ry 
xiDx^t h )imm*mfrLzts d , ^-©ftto, it©f t*;visit©^©#f t 

^-7b$E}M«ffitt, ^ft g #© @W© h > 9*/ — >T >X (training sequence) 

It S o 
[ 0 0 9 0 ] 

*5?«C»^fi, ii©31@^D F T SIIKC <fc -3 Tffifflv' 7 h-\^«^ftS D F T 

isti-j^n^o ens, sii§s^3M{i7 h * 

sus-rscfctctt), ii © a @ 5 ( /i } c y c ^ s \9 m k m z ft z ^ 5 ±1 ^ t f y ^ r s c: t ^ 
t§8o ^XTi,^7 7- ^^i«tiK?n§i^ttt, 7 Et#t siisa® 
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©If (cj; t) , {4 |g 7 h £ fi fc -fe >y hO/Wn«; F-v'-^yX^WtS C J: ^ T f S 
[ 0 0 9 1 ] 

HI 4©HMSI£Bt;#B|TS£, T (2) cyc =5 < ji ) cyc =T/2fiDjSliIJ'7htt, 
e " J n 1 = (-1) 1 = {1, -1} Ofifl>'7F'\tfl?tlW 1 Utt, # « % S I 
SOft7WbH (f) © C T F tfc^TIftft^tl, fma^ H (i/T) = H (1) 
+ H (2) (-1) 'tftS, #|§BJ?©#;t ffi«©iJ«£Sfcff»©PJift£i£i:©ra0H 

, cntt, ^ + % ?vm m m © tc & © +>- -r f m $ b t l t =pj fa ■? # s 0 i^ifc^t, ® » 
v-^ya, iE&M&*fc«*MM©^y7;w<i-^3 y-ess ^ji^t d t&T*Z io 

So il@M©3!W©»H«, T (2) cyc =T/2t$iJPM^n^^^, -^fA/^pi-^ 
£ ii ^ < -j*© fij fifffe!), to ic «t t) , if aigM i so/Wn^^-^ryxffi 

[ 0 0 9 2 ] 

^fSHBKfc^Ttt, M I S O f - + * ;H¥ ffij a - y h tt H t ffi ft "Z? # S 0 L L * * S 
, C ft f± , TV } cyc= ( /x - 1 ) T/N^lBIg^i^ttS. * fg HJ? * ffi J£ (C 3K BJ§ 

h -r * to % « s si « m m t % m u ffi jm s £ t 7" ;f- - 7° \t t s £ ^ % s 0 fg $t @y m m 

«fctf3f85t!lifijMi£{±, CTF H (2 i/T) = H (1) + H (2) D CTF H ( [2 i + 
1] /T) = H (1) -H (2) ^^tl^tllfLT^§o -ISH^LT, # -fe y h (C 2 O © 3fi A 20 
LfcCTFtfJUtlCftS. CTF H ( 1 } *5 <£ ti C T F H (2) *. 8 1 4ti?nt 
<t 9 t 7 7 7 h%7i-fi , y^T'fe§fp> H (2 i / T ) 33 <fc tf H ( [2 i + l 
] / T ) OffiJtti3IS777 htfef)> HI 4ttlT 4 I*tlTI/^o /WnfH 

H}D f *^»"efesii^, /w n y h « , m m © so as at a ** <t tf m m © so « m m ± t £ s 

tEI^nSo L ^ o T , *«WEfe^Tii, ffi it © S I SOft*;HFiS, T * to 
-5, «©S0i$M±M4B-f 5>W n v h ^>*;l/*3pjffl LTM©S0i$M 

[» 8 ] 

tf( [2i + 1] / D = - H {2] 

©CTF^fMffiTSffMffifs, fccfctf 30 
[» 9 3 

fl(2i / r) = H (11 + H (2) 

* f¥ « f S ffi & © MO « )M S (Ofc&a^ffi&M&tfffifflSftT^S o 
[ 0 0 9 3 ] 

* 58 HJ5 © f£ ^ * l¥ ffl IIJ 0J§ -T § /c J& , &L Tl?B, Q 0 ffl © ^ -tf P # y 7° * ft 5 ^ 7° 

# s a M jjg (tdl) t j; ^ f 'J y Bti^ia stiR w 7 x - fV > y'f t 

-7- ;P (time-variant frequency selective fading channel) \C ~D V T # X. S 0 ■¥ ^- 

fi , m±mm (m±mm&M) t . a x = q • t s p 1 \c & ^ x n m f o m z n s t is s -r s 0 s 
is 7 > r / /x * 5 # a s n s * ;i/ -f > ^ ^ x js ^ ( c i r ) swT©<t5ii:as?n 40 

S o 

[ » 1 0 ] 

h""(t, r) = f; hj"(t) • - r [ f) 

q=l 

[ 0 0 9 4 ] 

CCf, h ( n } q ( t ) *j j; t? t ( n ) q f± , q # S © \ % )]y $ v 7 © II * jg M fe <fc Cf 31 
f- ^ ^ y 7 h ( /i \ ( t ) tt-tf n MffiMiLlWI-M ( i . i. d. : independent 50 
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identically distributed) ij V X y 9 A m. Wi T & Z> „ M<DWl% ( * / W ;V g 18 #5 * 
(it;U;PfiS) tElLT, h ( p ) q ( t ) it , Fy^7-^*(cJ;^tBfKJ:i:fe 
tSlt So q # S © f- * ;P £ >y 7° h ( ii ) q ( t ) It , a*F7^7-Ifi»V 111 lcj; 
o T # S ft 0 PI £ fi % 7 -f H • -fe > X • Xf-Vat'J ( W S S) SW7'otX?fc§, 
- IS m ic it , i "3©of DMi/y^;v©^(if t*;Wy^;^fS§ ( c i r ) ft s i£ - 
s & d , ^-nia^ m m m m i t © tc ic , 1 o © o f d m y # ^ w © c i r © b# 
ftSttSfiTJ^sctiii'ff stfigts. t ft , 

[ii i ] 

t e [/r flymf (/ + i)r sy j 

[ » 1 2 ] 

tt§„ cnii, is ® ^ It B# K i: £ £ S ffc L * ^ f- * * )]/ (c ^ T © * L ^ T tt * 5 

ft ^ # , c © € s f± % h © i§ ^ t # m ± ie l ^ t m if * n , asf*^x-rAiatKc«fc»3o 

F DM'^I ;P & ft ^M*+^K5@< b ft it ti fcf ft 5 ft ^ o 
[ 0 0 9 5 ] 

± is l fc f- * * ^ m mm mi* c i r h ( ^ } ( t , r ) o7-'jh«t*^„ w t © 
b# m t © s 

[113] 

t - It 

tcfcits)iesfe«fctfsia»f = i / T^^yyy y^ts o f d m > # n 1 © n * 

i £ *J If S C T F fct JM T © «fc 5 (C ft S c 

[ii 4] 



q = l 

[ 0 0 9 6 ] 



T sy „= (N FFT +N GI ) T s p i ct T = N FFT T 5 p](i^ U - F ■< > * - )]/ 
[ 0 0 9 7 ] 

H^f y *;HOfi*Ig «fc t) fe fi^if^, Tftfr-%, n gi ^q ( q ^ 

Q 0 Bft*;H7 7° © ffi ft * ^ T ) t? fe § i§ & (c , OFDM ft IS ft © S fa #5 tc *j if % 
[ 0 0 9 8 ] 

> f - tc *j it 5 y x - t* w y 9 & s ^ \c m m l t ^ ft ^ t € s -r s t , ^ ^ ^ ;n? « « 7 

yttfttSiLTfT&tinii. Lfttf^T, # 3 A 7 > x i- K T BO f@ (c * ;H¥ 
« ^ ff ft *a ti S tc a& , ^AtJ^mtj (MI MO) >'XtA'\©Sitf§II<:45„ 
[ 0 0 9 9 ] 

KTta, hi 2 tc ^2 nt ^ s «t 5 *m®mm?4 ^-->f - ^ (cdd) ^tfflts 

O F DM^XfA^lit?. 
[0100] 

Hi 2tg?tit^U5li:, ^7l/;l/-J"J7;H» (PS) fl $ u it ^ r © m is 7 
^fttfe^TftlOl^Xh'J-A^SfttS. "T ft fr ^ , 1 ■O © I F F T It If ft & S 
t?n§ 0 I F F Tlf fe < ttfA7l^;l'->'y 7;HIfItj3^t(i, r-nh'J-i 
^N T f@©^t7*X h U -At^-SU^n (£-SH87 >x -t t 1 octtX h U -A) , «T 
©J;9t7>'rt"'K ; (¥14illlI3SSE ( antenna dependent cyclicdelay) 5 ( \l ) c y c ^ A 
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[ft 1 5 ] 



[0101] 

[ ft i e ] 

<^> = {fi - 1) ■ <? cyc , 1 < M < N T 
[0102] 

tCI*. 8 l p\ yc t&, [0, N FFT /N T ] KHrtOSW-^^^-^TffeSo ^©fcfe 

[ft 1 7 ] 



[0103] 

I D F T (C «fc -3 T 
[ft 1 8 ] 



tcsiifi-w-sftso f d ummm^mn 

[ft 1 9 ] 



£ # « T S C i: tt , WMT'feSo C ft tc *f L T\ ±$Lfcil0Mfi^ 
[ft 2 0 ] 



© I DFTtt, 
[ft 2 1 ] 

(06ffii/7h/^^3>ffe§„ R^WEiitSi:, S fl 7 > f - p <D Bf H ffi m is ^ (t 
ime domain signal)^ tX T £ <fc o T Ml S ft M W. fit {8 ^ (frequency domain transmitt 
ed signal) £ HI B # It £ ft S 0 
[ft 2 2 ] 

x 1 " 1 - x 

- X ,,(,-^>),„od N „ T 

" ST^^ . — • " J^T ft 



[0104] 
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f± , m is 7 y t- -r v. © m is s n tz m ;s s ?i $ m *t # a l t ^ s 0 

[124] 



i±§ftLT^S/cltffeSC ft f± , 0 F DMflt 

[0105] 

•?• cd % , -y- -r * v v t y° l> 7 4 v 1 X (CP) ©MWf#-K-r>*-^;l' c g i 
) flu* 5ft So CtlttO D F MSItfe^T-KWft e: 18^ tt, r 

V? fr-7i-uy&9ll£ti ( D / A ) , ( R F ) IgiISIt7-y7"n>;^ 

-h?n, * > w ;i/ m m f- % & k t> tc x m m * ft s <> sistfe^TB, ^ - x ^ > 
H ^\ © ^ 9 > n y x - a yns&wyfy y 9 Va k , 5? - F-o^-^/v^li^n^ 

I F F Tlf tj;f)i^^ISS(I«t%^^IJKSl'^^'\IS?n§o OFDM II 
[0106] 

s # * ft fc # ^ « , ia©sis©^©iotiongi^§^^ N T f@©{i 

^fr^iS. © ft 46 , KTtfienSo 
[82 5] 



j2xU/i-DS cyc I N m 



[126] 

{4 , C D D-0 F DM^XfAfOglt LTi^nSC T Ftfe^TlftitCfcffTtS 
[127] 

^ § # « s 1 so^xf A^5ii:§i^tLt§iii|tfii?nsL^i»L 

;l/ n - x -f y ^ ^ M ft fcf , 3J#*MSC4:A^tf#ft^ 0 L ft L * 5 , ft**SCD 

titiO, i7-^-Xhtfl2i<4D, f- * * ;l> n - t* >r > ^* ft s W. m * ft ft fcf W fO 
<fe £ o 
[0108] 

KTtii, CDD-OFDM£fe^Tfiii:LTi6nSS I SOftl/l'tf*, T 
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[0109] 
[128] 

[ m 2 9 ] 

g = l 

[0110] 

sst Ltisn? c t f © {i ffi ii ame k a m t ( ^ } q *j i tf m © a ® ^ ^ * - # 5 c y c 

la^TStiS^nSCtf^^So <5 cyc tfftlf -V (physical channel) tliSf 

SSSil^tM-fSil^fiM^o C © » Utt , CDD-OFDMf t*;HFffi*Ilc 

fSimffucr^rctb ic #j -e * 3 „ 
[01 1 1 ] 

»SSi:LTf SnSCTFtLfetf-jT, HSSi:L"C#5ftSC I RSSStSCi:*' 
T'tS, UttCDD-OFDM->Xf A©ff S I S Of LT^So T 

[130] 



*(f,r) = £^T) = |;f;^(0-*(r-if>-[^-l]^/^ 



r) 

[0112] 

SStLTf 5tlSC I R^Si7>ftfi©C I R^ttRfSt, ^ T © N T f@ © 
C I R^QofflC^-lfn^y^^Wrs^^S-rSi:. ISH^LTt#?>ftSC I Ri±, N T 
QofflC^Nn^'y^A^ftS. COCfcfrS, N T ffl©^fl7>-r^©C I R £ M t S 
IJ^SCtiaOCDD-OFDM^Xf A^IIS I S 0-0 F DM^Xfi^SS 
T * 5 © # S o & t) JS & » 51 S? W * f -V * ^ © £ fig « S'J L T , f 

a ® t ' . a x fi , itfi<4f) > KTti^TiistfSfeens. 

[131] 

^ max = r« + Off, - i^ cyc r spJ 

[0113] 

13B> CDD-OFDM>'XfAOiaW*ft^;Wy^;l'XjS§ : (h (t, r ) 

n T {@© ^ ^ ;w > x js^?:^ a, t ^ § 0 N T -if@©-5 Lj r^;iv-r> 
^ ;lv x js g a » © ( H l © ) f + * ;l> -Y > ^ ^ x )E » tc *f L T a @ S ft 5 o 

[0114] 

f- * ;i> fp « © is if &c tj ^ t ^ * * ;i/ © a ^ a ® f± a ^ -e & s » , c d Diasi 

31"? t ' . a x f± Ii II u # * ^ 0 g <& fi S * c £ {± , / W p <y h i/ y # ;!/ 3£ S f- * ;Hf 

« (pace) jicsiffl^nsi^, ff««stt, t ...tioT^s^ns^yy'jy^ 

[0115] 

jxt?(±, f- + * ;p © m m m ttto^TiBwts. 

[0116] 



(27) 



JP 2007-523550 A 2007. 8. 16 



K • -b >X • X-r-v' at 'J SSlBM^r-^ 'J y >? (W S S - U S : wide sense stationar 
y uncorr elated catering) f t^/^SSf St, jM {8 7 > x ^ /x © C I RC^fBII 
ft (outer correlation function) JX T © £ ? * — IS ff} % 3f S "c? <fe S 0 
[S3 2 ] 

Etfi^r, t)h""*(T + At, t + At) ] = i^'(r, At) • tf(Ar) 



[0117] 

5 o 

[133] 



<>( V At) = E[tg\t)tif\t + At)]; q = 1, - , Q 0 
= <'(r g ) • iC(At) 

m m m x fa x © « m m \% # m m is fa x © m m m \% & z as & l t ^ s c t * * » 

Lti^o f- j r*;l/©tH;fjM7n7r-f;l' 
[13 4 ] 

C(r g ) = {£[ | 2f »(t) I 2 ] = < 2 } 

( q = [ Q o 1 ) « ^ T © {4 ffl 5^ 1 fcftSi^t, T & 
[ft 3 5 ] 

s>r = i 

t*S«J:5lciE^{t*tiSo Bf W ft fa X © IS IS IS ft 
[136] 

(At) = {Btf^fe) ■ ^(t + At) ] 

tt , £ T © Q o {0 © # -y 7° ^ T IH - X & S £ f 5 „ 
[0118] 

W. C.Jakes, Microwave Mobile Communicatio 
ns ( 7 -f V - , - a - 3 - 2 ffl , 1 9 7 4 ^) tlt^ S i 9 %^ i ^ ^ tf/P ( 

Jake's model) B# FIS £ fc' It 5 ffl M M ffi tt ^ V "fe 71/ II ft (Bessel function 

) tcfco-rataSftSo -r * t> % , 

[ft 3 7 ] 

<»(At) = J 0 (2^v max At) 

tSSo Z.Z.X, Vn^fi^K^^-IfiSTfeD, Jo (■) B»li©€o*-^ 
^y-b;Hift (zero order Bessel function) tfflStSo 
[0119] 

t ^ S £ *5 \ f 5 R ( } h h ( t , A t ) ©7-yxII(±KT©ISSSIIi^fe/:?> 

17 
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[ft 3 8 ] 

E[H { »\f, t)H { ^{f + Af, t + At) ] = <(Af, At) = R'^(Af)B^\At) 
[0120] 

icistj; t> , b# 7? iri -e © ffl m m & t± t t m m m v & 5 0 l/ca^t, js m. ft m m 
K ^ r 

[S3 9 ] 

At = M ■ T sym 

ti If M m L fc 0 F D Mv'V^/l'fflCffillf li, « T © «fc -5 K B£ M fl S E *5 M" S ±1 ^ £ |Wf 
U 7 <fe S o 
[ ft 4 0 ] 

<W) = CW ■ T sym ) = iC\M • r aj j 

[0121] 

[ft 4 1 ] 



<[Ai] = i?r(Ai/T) = £ 0 £V ja -* Wl 



[0122] 

CDDtfc^T, IBSfcLTftSftSCTFfiDJSigRfflllllRfcJ:, H n£ < , N T f@ © 

is M m ft © us it 1? s s 0 s fc , & ia & ft ffl m m ft a , »gtsii7yft©i0iit 

Lf:*STeffl^7h?tl5= Lft^ot, IS * L T t# 6 ft 5 Jl S ft IB M M ft t± « T © 
[ft 4 2 ] 



[0123] 

OFDMKfettS/Wnv h y # ;!/ £ S ^ + * ;H? « © JS a £ ® 9 0 

[0124] 

;UP7h^>*';«lff7wHFI (PACE) £ ^ T tt , f t^i^ffltSfc 
& E -9- F If *H £ L T m m 2 ft 3 K » © > # ;!/ ( / W n >y h ) /jif-« h'J-i^t 
^ a ft * ft 5 o ;WP7 b^ytwbJlf t*;Hfif3^tl!it-St(ft / w n y h 
© & * # •» § 19 18 ^ - y X © +J- 7* -fe >y h 40 
[ft 4 3 ] 



[ ft 4 4 ] 

t = Id, 



*5 cfc 
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[145] 
i = iD f 



* M £ T S d t # M fij T? & S o * © fe 46 , / W n >y h - > X f± , I«iS^tj5^T 
f± D f {gffi^Mfi 
[ ft 4 6 ] 

i = [i/D,J 

-e , a o b# 73 fa tc *s ^ t !± d t fg fg ^ m It 

[147] 

? = \t / dJ 

[148] 

[» 4 9 ] 

I | = 1 

t&5J;9tPSK3yXf L-->-3> (PSK constellation) 5 £ ft S „ 
[0125] 

0 F D Mff tt, 
[150] 

§ {§ 7 W p -y h - > X £ f# S ft » fc t* - * X h U - A f, 3* £ H it Z ft 5 0 

[ m 5 1 ] 

. = x~ ( +1 + N~ ( z = X til H ti+1 + N til wi th {£, i} e G 



d d I 5 , G f± , /Hoy h§ttfO F DM7 1/-i©t7 , ^ , y hTfeS 0 
[0126] 

14a, 4 b, 4 ctt, ;UB7 h^'J 7 KilOnli^illlf SLtt^o H4 
i t D t - 1 ffl © x - # * > JP ^ M < <t3S/W0 7 h^lt*#A>t?^S 1 O © O F D 

M^y^/^sitsctt-sso d © 7? s t± , m m m v m m * ft s <t o k , m m 1 1 

t g i: A/ if S ft L ^ ^ f t ^ ;Wc fc* l 1 1 1 i t S d t f t § o d © i§ , J« M 7? fa 
f-CMa^STfeSo *©«fc3*>Wn'y h ^ 'J >y F12(i, W L A N Sft H I P E 
RLAN/26J;O* 8 0 2. 1 1 a £ t,^ T H ffl 2 ft T t,^ 5 0 
[0127] 
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H4bCg*nT^SJ:5lc, / W n >y h ^ y v K * H 31 f s fa © rt m ft « ^ f»?n 
-htscfcff-esstf, JSM7rftT?©M£M£t-§o 

[0128] 

S ^ M M ^ £ ^ M M , 14 ctSStiti^i^lfttS/Wn-yh^'J 
yF8«fflt5CkTf»8, fOi^/Woy f^y^ Hilli, IS iS » 7? fa © M H D 

f tj«ttf^iH^iRi©MPBD t ©^n j pn(i:«fcoT#a#itenSo 

[0129] 

P A C E©#i^^?;l/f U7>'XfA'\fcSItSl^, O F DMT*tt7i~f 

o 2 # 7C (2D) ^ > 7° U > ^ £ 1 ^ i ft t c t ^ f t § 1 fi t ; U o >y h « Fl i ^ + » 
i£ ^ i§ tc tt , ^7*-^i'-'5r>X(cfcltSffiMte«tr?^ + *;l/fl £ ii^nIt|-efeS 0 L ft 
^ o T , /Un-yMcglt^-'^'yF^SGt^tf-iJty^ B?W:fe«fctfJ3li6» 

*j it 5 ffi m & m t % s o Sftts/uo^ b ? y y f a . m * tf ±fi ± & r s> ?;nv 

1IDV B-Ttfe^TffflJtlT^I. 
[0130] 

KTt(±> F I R7Y;HU>yic<J:SOF DMf t*;H¥tOli(i:o^TliitS 
[0131] 

+ * ;l> fP fffi 7° P •fe X £ It 3 H 1 © X f 7 7 1 {4 , iiLf:X^7>7'i^>-^>XlC 20 

, KTOiat;Wn7 h ffi fit K It 3 c T F © S SJ © M tffr * fc> ft 5 0 
[152] 

% = = % + 

[0132] 
[153] 

- =1 30 

[ » 5 4 ] 

fct , li^Tf F3?n§X^7 77^>'-y7X^SLt^§ 0 * © ft * ft a T S 2 O © 
[155] 

4,1 40 
[0133] 

- is m ts. m n is -r v * -z? a , f^-*tf?i(fltg^TUi\ t * t> ^ , 1 o © o f 

DM7l/-Afl«tt?Wl/Sft^lSt5Ct^f?S„ El fiD « , 14 atgJtlt^ 
7' l/~/A©tefetfc*^T, 1 O©0 F DM h i/^^y^i/y^/^llts^ 
^7Fyj7FtfSI?ftTUi\ ^**;l/9F««tt, «T©lI?tifc;Wn7F 
[156] 

% 



* € FFJ L T ^ * * ;Hf « * ?J * d o 
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[157] 

h (i1 = 2X • hi-. 

[0134] 

net, M f t± , 7 -f fl' # & » , tftbt, F I R7-fiHC«W,' © ft * ^ T „ f- 
■V * ;!/ ffP « tt , #iMtfe^t7U-Afil<: l @fTa43tiS„ U5C|fiii7L'- 
i^fttfc^Tf ffl^nS. R . Ni lsson, O. Edfors, M. Sandel 
1 „ P. BorjessontdcfcSrAn Analysis of Two— Dime 
nsional Pilot— Symbol Assisted Modulation 10 

for OFDMJ (^-7t;HSlititS I E E Ell^I ( I C PWC ' 
97) © M m 8 , h y > W ( # > ) , OF, 7 1 - 7 4 1, 1 9 9 7 f) , J; 
, P. Hoher, S. Kaiser, P. Ro be r t s o ntU TP i lot-S 
ymbol— Aided Channel Estimation in Time a 
nd Frequencyj (I E E E 7'0-;WHIlfitI (GLOBECOM ' 
97) flfClilii/^I (CTMC) ©I»g, "7 x =. y 7 X , USA, 90-96 
H , 1 9 9 7 $) (c tt , PACEtlLTD I N A 7 * )V $ V > ^ K & ~3 < 2 & 7C (2 
D ) 7 >r ;P * U > ^ 7 )]/ rf U X A 12 « * tl T ^ S 0 lOC0FDM7I/-iO»ft/W 
h ( $ fc tt , * «D - 35 ) 

[ ft 5 8 ] 20 



SffiffibT, 0 F DM-7>*il/ 1 ©IKS i OfefeOf t*;V»i^i5n8. 
[ft 5 9 ] 



[0135] 30 
[ft 6 0 ] 

»U4 i) 



t.t, M , M , f&ft£ fj I" 6 2 1) I- I R70^^)|«4Jji)Ltl'S 1 "JO 7 

b - A © # O F DM^>*;l/fc«fctf#il»3Mfi i t l" 1 T li , BO ffl © 7 -f )\> $ & & B t 

zti%o LfrLK&z, z <d £ ? ft 2 yt^wmmMmte , m m k m m ? s t « s * d t t 
it $g t as s o it at tt * m e. t , b# fib t jg & ft t © m m m % © m m * ft if s c £ # # 

So ^ 7 71/ 1 & 7C ( 2 x 1 D ) P A C E tiJnSCOl^JSB, BO ffl © 7 ^ - -f - 7 40 
W ;l> # , •T*^^aSft7JpS]©7^-^-7^;l/^£B#P E §7?pS]©7^-^-7^^^£^ 
fffltSo 2 x i d P A C EtfeiJSf t*;I/fpfIiiJ)(TOj;McIt3tc t^TtS 

[ ft 6 1 ] 



[0136] 

jg » ft 7^ iri «fc B# n # iri © 7 ^ ;i/ * * m ^ s £ , w ' . *j «t tf w " n i± , i & 7c i¥ m 50 
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2xid paces, 2^Kmmmm*n<DB^'<Jw^mT c ttfvis % 
5 mm, t & t> , m m m fc £ tf m m k fc w- % m m m m ft & n. -e a& § ^ ^ ? * * t <fc t 

» «t # e n s o 

[0137] 

F I 
[162] 



fc ct tf 
[163] 



fi, IxifMffF^Y;^ (low pass interpolation filter) , HSIH7-f;H 
(polynomial interpolator) 3d S I ^ t± 9 -Y — — If Pa] 7 )V % (Wiener interpolation 
filter) tLTiltSCttfT'tS. 9 ^ - ^ - II H 7 w )V ft ii , F/t S © S g H ^ , 4 £ 
IB 88 t © m T* , T ft ta "6 , Si/Wn«;h^WIST?, ¥ 2 Si §1 M ( M S E ) # a /> 
tt5. C © C tt , f + * ;l> ^ tf- fig fc IS f § %a M ft & S i: S n S C i: * « » L T ^ S 0 
- 7? , ffi S II m 7 * ;b £ fc J; tf £ il S li ffl fct , f - * ;Hjt 1+ ffi W T 5 ft ft © W IK * W » 20 

[0138] 

4tJ, F I R7-flH , J>^'S 1 f- -V * 71/ ffP « * fr * 5 fc #> © * ^ © 7? ffi "? tt * ^ c flfi 

ft, ^{*© 0 F D M V > X)l(DWm*fi * 5 fcfc K , S©3UOl^'\Ii?n§o m 
t±, B? M;U£7- U xM£ fc «#gffi##p (SVD) -egotu^ 

[0139] 

^fn©it?t, ± $ L fc £ T © §¥ ffl ffi ti , * IS W © f * * ;H¥ fffi 7? S ft 7 * IS W © 30 
7 * ;l/ * ( ; n?^aii7^;b^*/cttffiiB)ca®7^;V^ (LPF) ) £LT3Sffl"e#S 0 
[0140] 

ifit§/W07 h V v F £H£ ffl £ ft S a (14 c # M ) , S f ? fl f; O F DM7 
Is — Hi. , M & WL fc £ Bf © tl ^ tl t T D f / T *5 i D t T syl Clfi^ t o T 

2 ^ ^ t -y- > 7° u > f s n 5 o m ^ % n m & ( m ^ ) fswt, ^^©s^Mt 
' . a x fc j; tf g ± h y 7 ^ - m m & v . a x t «t -p r a * § a ^ « d f fc £ tf d t ft u ft -r s „ 

[164] 

< 1 and v max T syra D t < 1 40 



[0141] 

ft fc , CDD-OFDMIi, I^M^lRlfiD^-l'n'yhM|iRD t (C*fbT»»*^<^A* 

© S I S Of t^wUFIgstffffl^nSf^ttt^ SiL/c/Un7 hiiDf^^gt 
ftSo *n*I^ECtCi:lLj;D, C D D - O F D M^XfA©I*gaiI^ 



(33) JP 2007-523550 A 2007.8.16 

[165] 

Cx = ^ SP M - 1) + r m 
D f tt S L < /.h S < * 5 „ cccfctt, J;?)f<o;Uny h^igSfc*^ * ft (c «fc & 

[0142] 

X ^ 7 h ;P Jft * © fg -p § || fi f s ft 46 , KTOliico^TfiSo OFDMv'Xfi 
^7* — #f±, ^ -v *;KOS;*:3i@# F -f y $ -^iimm^m * ^ J; 5 £ , t io 
, a ^T CI fcaS±9tIK?nt^So S fc , O F D M $/ > ft §? H# Pe§ T = N F F T T s p 
i tt , X^?h;l/M«^xx^£M-fS T GI j;Dfe5~2 0{g±^<3i 
K?n§„ LftAST, T max (±, T, a „<T GI ^N Fn T spl /5 tJ;ot±i^£6Si: 

ttf?t8. m x. if , c d d a m -5 ^ - a t h t § $? s l ^ a w a , <5 c y c = n f f t / n 

,f»5o ± IB }fi ftt fS * ± IB 7? @ S »c ft A T S £ , ISttfc&S/WP-yMS H fi , U 
[» 6 6 ] 



1 = |5, W T = 1 

N T 5 J 

[0143] 
[167] 

w 

, xHT<Oife^?^ll!T*365o ^ © ft #> , iM{ CJt =N F „/N^tf K D D- 
OFDMiJitfflSnTl^i^lctt, K ffi T 3 / W P 7 h U 7 F * fO ffl T S ffi * © S I 
S O ^ + * ;HF fffi ^ nj BE i: & S „ D f = 1 * S ^ U -y F^IK?n§I^T'fe^Tt 

i2tiS^J7 FtflSJtill^ffe^T^ ^ > y ;l/ 7 y f - -t © ±1 # tc ^ T 5 j; D 

n tc «fc <o , ^ * ;H¥ « x 5 - &m A f s © & # s o 

[0144] 

KTTftt, ffi * © f" * ;l/ W m 7? S © * fg HJ! K *s It S * S o ^ T l¥ ffl tlffltSo C 
D D © D F T # 14 * f IJ ffl -T 5 Z. t IC «fc D , HI 2K^JnT^Sf >#;^fa^y hCD 

«ig*«o<:i:^-p#s-7?t?, § it s « , ± $ l fc «t 5 k m © a @ ic m ? s it « * f u ffl 

[0145] 

* 58 HI! fi , ff^Kttll 2©f*©CDD-OF DMIf^^ittf fflt^SflM 
I SO;UP7F^J7F*ItllttSo c ti f± , fl T S ^ < o A> © fO j^j ^ X f - 

*f8H^©M^SH«t*5^Ttt, ^;H¥«S©*}g^M t ffiBSft 
tSCttfTtS. L ^ L ft ^ 5 , en tc «t D , 5 ( /t ) c y c = ( /x - 1 ) T/N T ©iiHia 

[0146] 

J-X T T? t± ^ CDD-OFDMtfe^tflMI S O/Un-y F^'J -y FtfiJffltS*^ 
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[0147] 

gf^tl/cC DD-0 F DMf^CfcltSIEii, T © 2 o © M S? * (c T 5 0 
[0148] 

1 . SISIS^ 
[ ft 6 8 ] 



fct, ±ILf:gHi:LTi?,tl5CTF (^ififtCTF) £ St S S I SOl^tLT 

Mfctcfctf-esSo iSiiKttc^^B, s i sof t *;n?ii§t$)^rpiifc4 10 

[0149] 

2. ^ugfi^tfMi soi^ti»?nTtJ:<, ^(Dtctb, ±^Lfcmmu i s 

[ ft 6 9 ] 



tILT 20 
[ft 7 0 ] 

y <fJ = 2^ T =1 + w /fJ 

MI SOf t^/HFItfe^T, * £ HJ§ © ¥ ffi tt * ^ T © N T f] © 
[ft 7 1 ] 

C7F i/<? 



SITitSCfefeSo ^ © IS S , * 2& « fc (ISHi:LT!#e>ti5) 
[172] 



[0150] 

KTTtt, C D D - O F D M IC It 5 ^ * * fffi ffl g i; © K 31 T , ifOl^t^P 

tftifts. }i © m m ? * - * 5 c y c *j <t t? s is r y f © ft n T t± , smmictsv-r^ 

5ftT^§ 0 - « K , MI SOi/Xfitfe^Ttt, SiSi!i'iILfti^*^l!fe*5 

S o 

[ ft 7 3 ] 

?. . = X U H U + N~ eJ = f] Xgffg + W- j 

[0151] 

MUMS 
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[174] 
i = iD f 

*j i tf o f DMv-y* ;P 

[175] 
/ = lD t 

tfeSCDD-OFDM/WBf h 
[176] 



[ 1 7 7 ] 
[0152] 

ip ( /x ) = 2nD f - ( /x - 1 ) 5 cyc /N FFT tt, /Wn 7 h >'-^>X (i O 

[17 8] 
e -jWt» 



[17 9] 

, 14 ffl * 7 h 5 n ft / W P y h - > X © ftg § fig f d i: (c <t o T , liClf 7 > 
ftSffl^SOF DMCftfeioSEaof t*;HfiSi§, ^ * ;H? tf tc ii ffl T S e: i: 
tf7t5. II 1 <D S 19 7 > -r ^ * ffl ^ § O F D M \c It 5 -V * )]/ W « ^ S f± , ffl * «\ 
Y. Li.N. Seshadri, S. A r 1 y a v 1 s 1 t a k u 1 (CU TChan 
nel Estimation for OFDM Systems with Tra 
nsmitter Diversity in Mobile Wireless Ch 
annelj (IEEE Journal of Selected Areas on 

Communi cat ion, IWffl, 461-4 7 0 1, 1 9 9 9 ^3^) tfHffi 

[0153] 
[18 0] 

i<ffflSti5. JS&Mft-ef-^ *;H?fli*#S fcfe, T&fr^, >W n >y h > $ )l % 
£ © > W n y h^7h e" J1 * ( /i ) fCji'&**fcN T ffl(Z)f¥«SW ( /i ) . ( # 38 K © 7 >f 7l> 
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[181] 




[0154] 

* © Ot , HTtioTSifift (SS^LTiBnS) C T F 
[182] 



©ffi^f ens. 

[183] 



y t * na b# tc n ff -r s * & hj§ © ^- y * tc *f js l t ^ s 0 * © » * ±aL/-aMcD f © 
» v * ii IE -r s c t £ «t -3 t , f- + * ;ns at e fig © ^ - x > f a Ji © m a ^ ff * t> n 5 

^ * * ^ »e at « mic it , nt5fitg>'7 h^-^yx^gn^^?n§ 0 

[0156] 

f¥ « © ffi *£ 14 f± , lo©MM«£j£2ns^N T M f f@©gHt»£&D, * © *§ H 
, EltSS I S 0 ffflj S©Mft©» N T jg it S o Cfttt* -»(cS^(Cjfiir*N t ffi!I 

ci^^ifiL*itntf*5*^t^9*iitaotii#it5ns„ laifts 1 so 

^ + * ;H¥ « S £ tJ ^ T {± , HfttS/Wtifh^'J'J'KtffifflJnSi^, 2 x l D 
P A c E7;i/drux^*affl7#So 

[0157] 

m 0£ © s % § fi « t ^ r , ±E^ss*usEa-rscifc(c«fct), « t # # s n s 



[0155] 



[ » 8 4 ] 



A/ / -l JV, 



7 -ji<p(M)ID f 



[0158] 
[185] 



W m =^W^'e m " )ID \ 0<m<M f 



fi , iiWSC T F?:Sf TSOtt^ffeSo * *J , ^ X ^ ( it ) f± , ffl ^ © g 18 7 
> f" © C T F 
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im 8 6 ] 

T? f± ft < 
[187] 



;l^W m ©M^&tff|LLT±fBff-Mfi : ft?©;0^ J; D jjft * 99 T? fe S „ 
[0159] 

± IB ffi BS f t f± , 7^;HW,*gffitgf MI7^;^ { W ( n } J ©Ifg^tgl 

tstcffeSo z. ^ , 1 o © n m m s « t n t m f is © n » -z? t± ft < m f 

f@ cd at g * ff ft 5 £ it i? ffi ts tc #> , &m%ictsifz?* zfrmm&amm&ttmicmz? 

Cti(jiTft« 0 £1 © « ^ , ISStt^<^Ul?feSo 
[0160] 

2^7£7;l/drUXAfc«fctf2X 1 D P A C E T )V tS V X U tt 31 ffl ~£ £ 5 0 

[0161] 20 

M I S 0-0 F DMf t*;H?ISO/Wn»; h PI fi « T E J: o T it I? ^ ft" if ft 5 

[188] 

D f N T T max I T < 1 

[0162] 

^*>8 0 ±fistj;^T«##tt5n8s*/wo'y mifcs i s o I? ffi t % it m 

t S t , M I S 0 m- ffi (C It 3 >W P y h > # )V (C € H T 3 * - ^ *n V H tt , 5 c y c 30 
T spl >T Bai fc*SJi-&(C/^*<*So T ft il0M^7v^i§^ MI SOft 

[0163] 

*5SlCfiiMI S O / W n >y h y -y F E 1^ T & g fc * ff to^T IK 
ts. SIM I s o / W p -y h f - 't y x 

[189] 



fcfc, i cyc fcJ;ff/Wn'y hHiD f lci-3Tft$S. © fc , 5 cyc *jj;tfD f ©M^^ 40 

ill, N T ffl © ^ * ;P * K BO t % fc H> K & m im T y x x © x -v * )V @ *r © / W n <y h 
y-^r>X*^SttS*5l?$5„ lufflMft (phase ambiguity) £ jffi It 

* it ft tr * e. * ^ o s^wtMTSi:, s^^woyh 
[ m 9 o ] 



lofiffls* ( ) 3b^T<o/i= {i n T } tiLtaaoT^a&nifft 

s ft^o ztDtcisb, KT©iff ^fifc* w-ft«ft e. ft t^ 0 50 
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[» 9 1 ] 

(p[/i) * <p{m) + k2n for ju * m; ju, m = {1, — , N T } ; k e Z 



eiei-e, kttei©lit^5 0 k tc H lt±K*#*# < i: i: fe * (•) tit 

[» 9 2 ] 

^ ^ ^yc • (M ' D f for M m; fi,m = {!,■■• ,if,} 



[0164] 

± IB * ft f± , 0 * ft 5 < * n y h y # fu IB m. m 14 * £ T ^ S 0 d ft f± , 

.5 c y c *j «t tf d f © is it k *f l t m ® % m ? o f/t s © ii m m m s c y c t t? ^ r a , /un? 
h rs m d f * ft a 1 3i k t s c t; # -e * f\ i^f^itfe^ 

[0165] 

^IfttfiStiS. fp fffi §s tt t£ li > W n >y h 2/ - > X « fiSc (c «fc o T $ S 3 „ S fc , f¥ « 
S tt ffi tt , ffi ffl 7 h £ ft fc >W n y h * - > X 
[19 3 ] 



<Dmffl'\itfN T -?&Z>m£lcmmt%:Z>o £<DH tit, $ (.p) mo d 2 n&iEm\CH T m 
(DnyXfb-i/aytWyh (const el lation point) SWtSC t^iWLT^So 
^ © ft & , N I fflOlfil^*ffitS©lClt«*ail<:«SN I fflOfllftffiffii'7 r- 
* ft fc -fe y h©;Wn<y f— >-^yXe~ J 0 i<n) fi, « T © £ 9 t£i 5£ 2 ft § 0 
[194] 

ftdi) = in ■ — = i ■ 6>(n) with n = {0, •■• - 1} 

N T 

£ £ "P, M± S S ft 8S( (subcarrier index) ^^LTfc'D, 6 (n) = n 2 ti / N T 
{±20fiDPt)-&5il»3SifiM©ffifflli4) , *^bT^So 9 i (n) mod2« = e (n) 
© nTt£%MfS (realization) {4, KT© N, - P S K 3 > Xf Iz-i' 3 >E Jf jSt 5S 
£ £ o T ^ * 5 ft 5 N T {0 © gij M © ft ffl T* S o 
[ ft 9 5 ] 

[ N T N T N T j 

[0166] 

- « t , mv&o'Uuy hmnvLmmftD c n ) ifiRe c n ) e p c n = { o 
n T - i } ) f*3 © n T m <d m m * # m k m l t - m k v >y k° > ^ t * 5 *§ ^ tc a 

, fifi^7h?ftft/U07 h ^-^r >X©«ii^-fe <y h © fc © ft » * # 5 ft 5 0 
d ft fi , II*/Wn«y h ^ U -y F*ti;5D f ©fe6(D*tt*fefe5t 0 
[ » 9 6 ] 

^(//) = + ic2^- for ju = {l,-- t N T ) f 6(n) e P, ieZ 



[0167] 



50 
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ZZT, k ttff ic©fift-?3S 5 o ±f27?fSS!±, ? ( /i ) *5 j; 2 n © fg ft # -b <.< h P 
ft K & D , ^©fcfe, $f JS -T S S IB ^ * (/x) mod 2 jEPfSSCtS^LT^So 
* ft , ± IB 7? S S f± n = 1 *3 «t tf n = 0 £ H L T (C ?f S n S „ L A 1 L ft ^ 5, ± IB 7? 

isti, ^r©^ = {i n T } ti btfifen* w-tufft e. &v>„ ? c 

/x ) © N T {H©^iiffi (realization)^, P©^TCN,|»nyXfl/- 3 y iJW y h 

£ - * e^j tc v ^ t° > ^ l ft it n ft e ft ^ 0 

[0168] 

5 c y c «fc tf D f tc It 3 £ £ L # 3 ffl * # £ -T S fc ib K , Ifi^iSSfffltSi:^ 
718. L L ft 5 , ±^Lfcffl^#S7ci6©Mtffi#ft73ffi^feD, cnii, ff S © 

«fc*nSJi-&(«:{4, k f ( /x ) m o d 2 n G P , f ft t> t> , t ( fi ) © {§ ft fc P © IB H 

tc <fe s o 

[0169] 

± IB 7? S S © * ff , «TCJ:5lcffl v SfttSi:i:^-!ft8. 
[197] 

^,■(^-1).^ _ with ^Mt 6 z 

WW w 

[0170] 

7 W p >y h © ffi || a H$ ffi * Jg It S 7c a& £ , (k, N T ) © g * '£ m ft ( G C D ) # 1 

«fc D fe ± # < ft ^ C jj S L ^ o Uli, * 18 HJ? (c L 7c ^ -3 T N T f@ © g jg ft {4 ffl ^ 7 

[ft 9 8 ] 

GCDU, W r ) = 1 with k = N T D f S °y° G z 



[0171] 
[ ft 9 9 ] 



kN 

Df = ££L W ith GCDik, N T ) ■■ 



[0172] 

* is hj? « , s ft s te « k ^ t , m^mmm&ttwo c d d - o f DM(Drctb(Dnmit 
* n 7c ^ ^ * ;H¥ « (c it s se & * a « -r s 0 

[0173] 

JXTti^ iS[Uii®^5 cyc = N FFT /N T (c;^g^nSo Uii, ^T©Si7>tt 

i^IBIMiiC DD-0 F DM(i:fc^TiIft;IKt-feS„ ^tUCfe, iilU31@© 
<:clg?(i, ^^^;H¥«#s©ffi*ttt^±^tffiBS<bi?^Sc Uil, CDDtfc^ti 
feifflKSIRA't. L tl ft ^ N T = 2f©gf 7>f tv'Xti.ttJ^tff t3Tii$S 

[0174] 
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im i o o ] 




[0175] 

{4 IB 7 h V - ^ y X * £ £ T S fit IB S * i ( /x ) = i * ( /x ) = 2 ;r i • ( /x - 1 ) 
[0176] 

1. (, (^) O^TCSS MfSMffi f±, hPKi^TSJnTI/^ffiRi 10 

[0177] 

2 . ffi IB * J ( /x ) {4 , ffi IB 5/ 7 h 5 n 7c / W n >y h is - > X \c IB S f S 0 lu IB 7 
[0178] 

3 . S 8fc -n U K It S IB K K S R ' „ „ [A i ] tiWT©<t 5 tftSo 
[11 0 1 ] 



[0179] 

KTTtt, ^TCNjiCf t*;VO/W-f-f 7°n 7 r ^ ;l/ (power delay prof i 
le) D , ZVTcib, 

[1102] 

^'[Ai] * <'[Ai] 



fc * 5 f S o * © US H , 30 
[ » 1 0 3 ] 

<'[Ai] 

[ m i o 4 ] 

e -J2*Ai-[/l-l]/W T _ q 

( A i = {1 N T } ) \c ^ T , IS % t L T l# 6 ft 5 IB M M » 40 

[1105] 

*UAi] 

f± , N T - 1 fi( © P D 9 10 * SI WL £ *s ^ T IB S (c M 3 & ft < * S „ 
[0180] 

M^M^S cyc = N^ T /N r *{tX?% filM I SO$fdi;HB7h->-^>X 



i?; H [Ai] 



20 
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[1106] 




with i = iD f 



[0181] 

dd't 5 , <p ( it ) = 2 D f ■ ( /x - 1 ) / N T f± , ;HP7 t-->- ^>X(iOSU5 
/Wn7hM©ttlJ'7h*^LT^8 0 /W0f hMlD f =llcte^T, T * t> , 
^ r © o f dm h u^^y^^y^^^if^n, 

[1107] 

tf, N T ffl © ft IB is 7 h £ ft fc b v h © / W n >y h->-^yX5ifiELt^5C^^«I 
t % C t & -v # S o 
[0182] 

X^ietlSf^tii, D f E *s It S Pf - © WP "? t± * ^ 0 — <5 c y c = N F F T / N T £ ft 

AtStv 7 W n >y h PeB PI D f © tc % © * tUm 6 ft S 0 
GCD ( D f , N T ) =1 
[0183] 

±IH© 
[1108] 



(cii-rssatfD f (cii-rsiHii!5i*ffl^sfc, cDD-oFDMofe»«ft*/His 

ffi»ftt8Ci:tf?t8. <5 cyc = N FFT /N T tHS5££ftfcMM£ffl^S^ N T f@© 

)V - 7" <b » , t> >, ani»in = i mo d N T t <t -3 Tgfe 5 tl? „ 
[0184] 

[1109] 



Ki^TlSSnSOF DM->>$* 1 © -fe 7 h m © n # @ © X > h U ^ S J6 <S fl % o C 
C "P , N c / N T M © x y h U 

[ » 1 1 0 ] 

0,J3 = - 1} 

II ¥ (m, /x ) = 2 ;r m • ( ii - 1 ) N T lCioT#£Stl5. 21 © £ # , ¥ (m, fi ) 
* n # B © -fe v hflCntlLTSStiatCfc^ftSo ^ © fc *6 , 




m - i mod Wj, 
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[Kill] 

n = [0, — ,N c / N T - 1} 

tt, -SOttfiatfSCenSNj C T F ©iit*$S 0 ZtDCtli, CDDtiot 
[0185] 

fB bs f b * n tc f - * * ;i/ ?f « s e is m t s a * « * * 5§ ^ © # * 7? t± , #si7>ft 

tc It S f- + * /«SI fi£ 
[ » 1 1 2 ] 

* ffl SO K W m •£ f\ m # a CD -b >y hfltfeS/Un^ h /£ It AM£ ffl S n S J; o K & -t v h 
[ » 1 1 3 ] 

[1114] 

© fp fffi t± , S I S Of t^^SffitSCfctfiStS. Df - © S ^ (i , t>y hmt^I 

?ns/un7h/ctttfffiffljn§a^it'fe^o f^ia, ± k ^ s a # ?t tc s n s 

[111 5] 

Ki^T/^^nS/WOf h <D -9" 7" -fe >y Ki#t 7 h F*3 fe 5 0 N,g(Ot7 h # ft "f 
S fc i6 , i^W*;Wn7HlttD t ' = N T D f ^^*2^5 0 CcDil^tt, ^ « % S 

Uli, I(DM I S Offf«©t§^tFIC/Un7 F^-^/^.y FffeSo L L ft 5» 
, « «t fi tt , ffi « S I SOf-^^wUfffiggcDtf^t^CTfeSo 
[0186] 

[1116] 



[0187] 
[ » 1 1 7 ] 
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[1118] 



StL, iEmaxISfiif^nTti^tfiStS, M© S I S03¥«S(Cfe^T^ 
StSnS/WnyhHRktfc^Si:, HJ? © ffi Bg ft S ft fc fp ffl S f± > KTCi^tl 

[ ft 1 1 9 ] 

r max < £ cyc r spi 

[0188] 

± IB © IS i% & , mmicit, 8 c y c = N F F T / N T £ fc ^ T 5& if © if # 5 ft S 0 Utt 
, C D D ^ fg ^ N T (C *f L T g fe H ffl W fc 6. 7 & 3 0 
[0189] 

ttTTMi, C D D - O F D M K fc It 3 * H K © ffi f b S ft fc ^ * * ;H¥ « #5 © H ffl CO 
[0190] 

-it l t , sKsefctts/wny h # d f fi © at & # fc it sti^nf^WB-y h 

9 V v K tc o ^ T # * S „ / W n y h * # t? l o © 10 ft m f& tt * 

[« 1 2 0 ] 



[» 1 2 1 ] 

i = {0, — ,[tf e / D f \ - 1} 

l±, /U P -y h >x <y ? x (pilot index) 7 & 3 „ /Wny hBBEfe^TKIfi^ff 
AM* fc ft S ±1 £ t t± , £ T © N T # B © / W n -v h # HO b -b >y hCftASo * © 46 , 
•fey hmtfe&S/WO'? h ffi B \t 2 5 OEi^TSS^nS. 'Un? htlTS 2 5 
1 tfe&SSI^ffll^t, 25^IH 2 5 3 HT 2 5 2tfietl5„ m # B © b y 
h © fp tf £ fc ^ T fi , /WP7Hl 2 5 5 ^tf9±aLfclD, 2 D $ ft tt 2 X 1 D 
S I SOf t^;HF«*^tl?niffiT^S„ 
[0191] 

* 58 HJ5 © ^ * * ;H¥ tf #1 fi T © «t 5 K ii T S „ 

[0192] 

ifflt, /Wn<y hi/>*;V©£Itf|»i*ns„ b y h m © n # B © « M l£ ft fc ^ 4 
n y MiKTOfl^fiicLTi/^o 
[1122] 

[0193] 

fc it v ft ts. t> ft s o c ft fie * © s i sof t*;Pfff c©l^i?»So i Df t^;Hf 

ft^ltS^ HSIi = m+nN r Oft*;HffS(i« KTC^tSS. 
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[1123] 



[1124] 

f±, A W G N (average white Gaussian noise : ¥ t§ * 7 J h 5? 7 X 7 -f X ) SffcSo 

2 D 33 i tf 2 x 1 Df L ^*;l/|¥ii^S'\fiDl£gS{4SS7feSo 
[0195] 

1 D ffp fffi §1 © fc ib © * Hi! © 7 ;!/ 3 U X A © If W © & £ fi , 10 « m : & 1 o ^ D M f 
ffloiI"P$8. cc?, Mftt*»li07'f;H07'f;H3?»?SS. e: ft « fi£ * © 

S I SOfFISCl^t^UT^So ± $ L fc MI S OHitsti, N T lg & ^ M £ £ W 
Lti/^o M 0£ © !¥ M © M fi , S S3 * ft fc « «fc tf f- * ;l/ # tt (c «fc -3 T & * 
So L L * 5 , ^T©N T M©^ + ^©ffi^M7n7r^;l^^«-efe?>±§^E 
f± , N T ffl©PD^?I0«£S^±$LfcJ;9MgStM}lL%<%D, Wi^7hO 

±1 ^ , * ft © f¥ « S {± , IKffi^ffn^hT'MI S Oii^Ctti(i:ficS< 0 
[0196] 

ttTTtt, #48-MiLT, N, = 2ffl©gf7^ft*ffl^8 C D D - O F DM«> 
XfitO^tfiS. £ © :7 X x A «7 ±3Lft<t ^ E, CDD-OFDMtfc(tS5f 
Hl^>XfilSt$§o £©«£, W T © ffi BS {fc ^ # 6. ft 3 c 
[1125] 

Gft = H t , + 2, = C + 2* + ^ +2n (-ir, = i mod 2 e {0,1} 



[0197] 

7^ft (i = 1 CC T F liftffiS5!>^tLTl7j;i^^ 77x-f/x = 2©CTFttl «h 
- 1 tCPITlltSO^^^So ffl»fe«fctf^«fiDil»3M» £ l" 1 T B , KTtfiBti 
S o 40 
[ ft 1 2 6 ] 

Gff * = ° 

[1127] 
[0198] 

tftb^, f«BSft^ftfc^7 *;H¥«77S«7 IIM&^*;PMM©WMii:ffi 50 
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[0199] 

SfS©>W p v h HH^fKSi: 2ft S c S Lt^ 0 £ ft f± , {D f , 2 

} «I*£8ttf Kc4§i^ffeSo c © t # , hm=OEJ|tS loc/Wny 
h CD & E , -fe <y h m = 1 Klt5;Wny h ^ ft < 0 
[ 0 2 0 0 ] 

15 1^ 2-3(DSi7yTt^ttSCDD-0FDMtj5ltS*%lO;Un7 
U <y FlI^SLTt^o 
[ 0 2 0 1 ] 

I5tgjnt^5J;9t, 2o©-»©;Hn7 Ki, ffltfe ifff t©IKI^ 10 
^IxftififeT^So ffl ft 33 «fc tf ft © SO * 31 & E «t S ^ * ;!/ $s 3M « tl £ f¥ « f S 
, ffl » *j «t tf ^ » © SI US 3M S ± E % ft ^ ft ft « -T S / W n >y F/clt*lffltS 0 
[ 0 2 0 2 ] 

HTfli, a 7v 31 0 31 ® * # '3 C D D - O F D M © ^ * ;H¥ « E *3 It 5 ^ < o © * 
[ 0 2 0 3 ] 

31 0 31 E ^ 5 ^ - * 5 c y c AM£ ic E 31 K * ft * it ft fcf * £ 4 ^ « ^ E tt , /Up? h H 
BD f tMLt^<O^oai5^1?tlS 0 ffl * fcf , (5 C y C = Nffj/Njj5i[f'N T = 2 E 
*J ^ T f± , /Wo^HiDfA^ S T* 4 It ft (f 4 €> * ^ o 
[ 0 2 0 4 ] 20 
L L * ^ 6. , cnBOSllSii, ISII£LT#£ftS^XxA©g£fi£M-fSo * 
Mtt, SE, D f CSff*«at8ftfeC*5;*j|«Ln>8. 
[ 0 2 0 5 ] 

KTTB, #48-MiLT, 2 6 6 * # o ± 3£ L ft V X f A E o ^ T # * 5 0 /Wo 
>y h 9 V v K © fc «> © * 7 -fe y h t\*y * - * * M f t t E <fc D , ffi « © D f E *f JS f S H 
ttf?t8. £ © ¥ £ E ^ T , N t = 2l0Si7yft«itfc'it§i6 tg?n 
T ^ S «fc 3 £ , fi W © / W D >y h © If % * 3f ft D o fc If is 7 h f 5 H i: E «fc D , D f ^ ffl ft 
t? -d X fe -V * ;b * §¥ « f S C 7 t § o 
[ 0 2 0 6 ] 

1 1 LT, > W n y h ^* U >y F ©IBS&*D 0 #;Efr^7h-rsc*:ffS$L<fc ^ ±1 # 30 
t S o •?■ © ct 5 ft § p t tt , *58iOlftS!iaicLfttf^TglffiSl^l<:SIt5 

[ 0 2 0 7 ] 

I7(i, ffi i( © / W P -y hflPlD f (c^£l:-t§*ii©CDD-OF DMli^©7* 

[ 0 2 0 8 ] 

H7©*M©CDD-OFDM3M{S§§tts 7°l/7^ 7 0 3 tg^2tlfe/W n 

fe©l^©A77^, I FFT$»S 7 0 5lCfi^SnfeSl!O(li7Ji:*ttS. IFFT 
11^ 7 0 5 (1, ;^l/;l/->"J7iHliS7 o 7 ( P / s ) E m * ft M ft © tH 7^ * 40 

l©{8^M7 0 9^f!2©f9^M7 1 1 t E 9t ^ 5 ft S 0 
[ 0 2 0 9 ] 

H 1 © 19 ^ S SS 7 0 9 f± , Hl©3Mfi7>-r7"7 1 5E|g^^ftfclO©m7j^WrS 
f-FffiA7n-^7 1 3 E m & * ft T ^ S c 
[0210] 

i2©i§gB7 1 1 , ff?s7 1 7©A77E,|g^^ftT^S 0 if I 7 1 7 l± , S 
45AA7 1 9 , 3I@«?7 2 HcmG-Stlfc 1 "D<Dmtl tZm-TZo 3I@«?7 2 1 
tt , fl-F#A7"n^ 7 2 3^/M,T^2©3Sf8 7>XT u 7 2 5 ES^^ftT^S 0 
[0211] 50 
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D-OF DMgff tBSft^TI/^o ^fgHBKft^T, 7>x-ftt§II*SS (antenn 
a dependent complex constant) it , ^T©D T fl©OFDM>'y;JOl'£:l[Il^MT%o 
ll±}l@M<5 cyc =N FFT /N T fc:fc'^T, CfiD«*S»(CilbTRrtg*ffitt, 
[1128] 



7 1 5 K M L T 
[ » 1 2 9 ] 

a? = 1 

t IS S * ft , I 2©7>ff 7 2 StiLT 
[ m 1 3 0 ] 

«f = (-i)U/^J = {± i } 



tf g^tittci:^. 20 
[0212] 

[0213] 

# 18 K £ *J ^ T\ ffl»fc«fctfSf»©-fe'yh{4, D t I©0 F DM^ViK^StliSS 

[0214] 30 

* m m ic ^ T t± , 19 S K It S 7 > -r ^ # T 5 a ( p } , i: © S * t , > W P y 
F*7t7hD 0 t, S fttcS |ij ft * / W n v V >? V -y F t (c *f JS T 3 C 4: & V # S 

[0215] 

£ , * 58 Hi! fi , ^ -V * ^ fP © 7c «) tc m W © 1 © / W P >y h V - ^ > X Z N T f@ 
[0216] 

St, * 58 HI! fi , ±abfeJ:3li:io©gtlo/Wn>y hi"-^r>7!!)>5NiiHtD/U 

i*ia-3THfjn4&n(fseai/\ n t m © / w n v h ^ - > x © 5 

^0|i#lO/Wn-y h S/ - > X it , N T M © m m & © o ^ © p # @ © S 19 j£ £ J; -3 T 
[0217] 

I9ti> N T ffl © > W n y h^-^yX££j£TS#f8 0J?©SB©:/n>y^0£:;SLT 

l^, C©liti, SlOA7J 9 0 3 iS2©A7J 9 0 5 t*WtSlSS9 0 I*!* 

t^So so in #5 9 0 1 f± , m & m - b# m m m s 9 0 7 tc is # * n & $ a © m 77 * *r l t ^ 

So ISt-^iISS9 0 7(i, ISS-iilSl 9 0 7 tiotI,l&snsi8^ 
H/c>'-7yX© / tSI©3k 0 ~^I|&t5ftfe©f g 9 0 9 £ IS * ft fc 1 ^ © ffi 77 
ILT^S, ^#g©n U-*ffiftts#gii, JHM-B# M£&$9 0 7 © ffi 7J £ £ o 50 
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Tli, # ft 5 I L T , 1# S OffgB 9 1 I ©MM 9 1 3 JffrftT 

1^5. (i#lOi^lB9 1 3B, 10©ffl7J*tt81IIIi5Klg«t5fa9 1 5 ( 

[0218] 

l9(C/7Jnt^Sgf I2©A* 9 0 5 tj;^TilS?n5if i^t, Hi© 
A*9 o 3tJ;oTlt«Jti§giO;HB7 h^-^yx^MM^^-^x^ 

T ^ S «fc 5 (c , US W © / W n <y h - y x © © ft © fi £ X © D f # B © 10 it 3M : & ic 10 

MLTUStBtis. c © « ^ , «fg>'-^yx©-jg©fflt±, m o © hi m m m ic m l t 
ii3T?»ns„ -r ft t> , * n hj5 © * y ^ 9 o 1 1± ^ a ft & » * n ft 5 0 i9ts^ftt 
^ s * 5 tc , so us t e. ft fc ^ - > x ti , sy^g§9oi©sa©mii^^LT«i&^ft?> 

[0219] 

ft , B9ti?nti^*ilogiB, 38®'Wn-y hv--^ryx©^©m©fi 

[ 0 2 2 0 ] 

1 9 <fc 9 — ^>X (converted sequence) tt, ^ T © N T f@ 20 

£D;wo7 h^-^yxic±ti©t©t-fe5„ -r ft t> , * n m © s s s , 

7-'JlI8S, Ixlff ^© I F F Tl«^f!*^9£lfft5 I FFTSMT'S 

;WPyh>-^r>X^t«t5i3tlfft5. W * fcf , p ft B © a tf - * « «& f s ¥ 
g 9 0 9 fct , B9ESShT^8J;5l£, ||i/-^yX©lt©3 t"-^ffi»t5 i ^ 
ElfffS 0 fftS-Itbt, fi#I©3lf-§i|&t§f g 9 0 9 (i, N t f ©/W 

S/cJ6t€ffl^ftS^«^-y>X©^#g©ah°-^iii^1-5j;9t»]{ / FTSo 
[ 0 2 2 1 ] 30 
B9tc^£ftT^SJ:'5&c, N T (0 © / W n >y h */ - > X {4 , HCSfflB/WO'!' h 

- > X © S 19 ^ - ^ a > * § If S £ *J ^ T # H "? * 5 <t 9 ic M U £ SI ^ - ^ > X 5 ^ 
n v h * - > X « ffi ft f S ft » , $ & f - > X © a t£ - B , ±iL/c±9tg*fc 
LTf6n8/WOf h^-^r>X©X^^ h ;l/ M ^ S ft § X ^ ^ h^fliDc^r^feSJ; 
9tliJn§. M x. (J , M 75" © X ^ ? h ;l/ M « # a ft D £ fc> ft ^ J; 5 E , p # S © / W 
p „, h^-^->x©X^^ h;Pail^#JHcaSX^^ h;HSt£feSfcfcfet, 1 # B 
h^-^>X©X^^ h ;i/ a si # ^ - x y F X ^ * h « ^ /c M ft S # 

« a m m m % & & % 0 laiftiaic, c © # tt « * % tp§ © ^ ^ ^ ;n? « #5 1 £ ^ r f y ^ 

TSLt^?tS„ C «D « , X^^h^ail^7^;P^U>^TSfcfetiiffl^ftSfg! 40 

[0222] 

^gfnltgft h yV*/->T ymt&ffit S f cfe ^ *HHi!ttFjT£©ii©)l@^}ifflL 

It 1 So ffi « « fc , aSS/HP7hPHD f *fitUt^T-t5o J; 5 (± 
, ii © W £ B @ * ^ S * 56 K © ¥ ® 9 1 5B, D f £<fcoT$l;S3IM#7£'W-M>'- 
y>XfiDji#SfiDni£ — *3S|HlWtcji®* , &S«fc5K:*oT*5t), <fc S ^ f± , SU ^ #5 f± , 

ttMM (delay factor) tC <fc o T 9t * S 0 
[ 0 2 2 3 ] 

* H K ^ T , iifltSftttDfti, litf ji#I«/Wn7 h ^ — > X © X ^ 50 
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7 h )]/ m M fiii IB V 7 h V - y X , M ^ + 1 , - 1 f K i ^ TSU 5nS J: 5 tlS 
[ 0 2 2 4 ] 

«fc & S # W tc tt , j1[h1W£jIM£-£S¥I39 15«, (i#HO/Woy 

© n h° - £ fl m W £ 31 ® * * 5 «t 5 K ft r> X ^ S „ 
[113 1] 

5£=N„ r <p(p)/2nD f (ji-l) 

10 

[ 0 2 2 5 ] 

c © m # , 
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